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INTRODUCTION. 



From the remotest periods of antiquity to the present time, the 
business of extinguishing fires has attracted a certain amount of atten- 
tion ; but it is a most curious fact that, even now, there is so little 
method in it, that it is a very rare circumstance to find any two 
countries, or even any two cities in one country, adopting the same 
means, or calling their appliances by the same names. This defect 
may, no doubt, be in the main attributable to the excitement which so 
commonly prevails during fires ; but in such a city as London, where 
excitement of this kind is not permitted in the brigade, it appears to me to 
be only fair to claim credit for a complete system of management, with 
organization, discipline, knowledge, and whatever else may be essential 
to that end. Other cities may, no doubt, make similar claims, and when 
they have done so, and proved them, we shall have great pleasure in 
acknowledging them, and giving them the necessary credit ; but if they 
do so at present, or even within a limited time, it will be seen that, with 
very few exceptions, no two are alike, and that where there is a simi- 
larity, it will be found to arise from the fact that the men in charge have 
been either wholly or partially brought up in the same school, and con- 
sequently subjected to the same training and instruction. 

The system of management adopted in London comprises not 
only a thorough organization on what are supposed to be sound 
principles, but also a system of working, which involves, on the part 
of all concerned, a complete practical and theoretical knowledge of 
every necessary detail ; and the object of this Work is to present to its 
readers a comprehensive account of the points referred to, in the form 
of a series of chapters on the several subjects named in the List of 
Contents. 
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I do not for a moment attempt to disguise the fact, that my principal 
motive in writing the following pages was to provide a manual for the 
use of professional firemen ; but, while fiilly acknowledging this, I desire 
at the same time to claim for the Work that it is the only one yet written, 
in this or any other language, which gives private persons a full and 
exhaustive description of all the appliances in use for extinguishing fires 
and saving lives, and that it is therefore peculiarly suited for the use 
of docks, wharves, warehouses, and other places in which large quan- 
tities of merchandize are deposited, as well as private houses, ships, 
theatres, and places of entertainment ; in short, for all places in which 
life and property are at stake. It will, moreover, be useful to hospitals, 
work-houses, gaols, asylums, garrisons, police forces, and all bodies 
charged with the protection of goods, stores, or persons — perhaps also 
to others ; but I have mentioned here only those who most frequently 
apply to me for information. 

Such are the merits which I claim for this Work ; they may not be 
great — indeed, I do not myself rate them very highly; but they are at 
least so far genuine of their kind, that they have not been practically 
aimed at until now ; on the contrary, every semblance of an attempt in 
that direction, at least in this country, has proved to be nothing more or 
less than an indirect and scarcely-disguised advertisement of something 
to be sold, and has consequently turned out to be of little use for practical 
purposes. 

And now, before proceeding further, I wish to make a few explana- 
tory remarks. 

Those whose lot has fallen in the pleasant places of an established 
profession —such as the army or the navy, in which the duties and relative 
positions of all ranks and individuals are clearly defined and thoroughly 
known — however great and varied their experience has been, may, 
nevertheless, know but little of the weary struggles, and unceasing toil 
and anxiety, of those who undertake to form a new profession. To collect 
small and scattered particles of information previously existing ; to apply 
true first principles to these, and separate them into their two great divi- 
sions of usefiil and useless ; to set aside the latter, with all empirical, 
corrupt, and unmeaning terms ; to lay down a code of fixed principles ; to 
establish a nomenclature ; and, working firom this small but sound founda- 
tion, to build up the fabric of a whole profession, and fill in all details, so 
that nothing shall be forgotten, nothing unforeseen, nothing unprovided 
for ; this is a labour which falls to the lot of few men, and which ought 
to constitute a claim to forbearance and favourable consideration on the 
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part of others, even when the object is indiiferently or imperfectly, 
accomplished. 

Then, in a new profession, all measures are necessarily in some 
degree tentative. It is only the superficial and half-educated who, in 
such cases, announce ever3rthing in detail beforehand, and thus find them- 
selves, for years afterwards, working in a false position, endeavouring, 
contrary to experience and their improved information, to justify 
announcements made by them while labouring under that most unsatis- 
factory, but perhaps most common, form of ignorance, which consists of 
practical knowledge, absolutely alone, without the aid of theory, and 
which is consequently to a great extent antagonistic to all useful 
development. 

To those who have not studied the principles of true and usefiil 
progress, this statement may seem a paradox, but it really is nothing ot 
the kind. Theoretical knowledge is essentially progressive ; it suggests 
new modes of doing everything ; and, even where absolutely new modes 
are proved to be impracticable, it suggests modifications and alterations 
of existing modes, and devises schemes for meeting every possible objection 
which can be urged. Practical knowledge alone, unaided by theory, 
is, on the contrary, firom its very nature, obstructive to the last degree ; 
it makes objections to everything not actually proved to demonstration, 
and, in short, considers nothing possible that has not been already 
accomplished. Then there are the innumerable imperfect combinations 
of theory and practice, which, as long as they remain imperfect, produce 
perhaps the worst consequences of all. 

How often do we see a man, eminently practical in all respects, and 
whose opinion on any practical matter connected with his ordinary 
business is worthy of the highest consideration, suddenly seized with an 
idea, which, being unaided by education, develops itself into a theory of 
the wildest kind, involving those who follow it in utter ruin — ^and all 
because the supposed theory turns out to be no true theory at all, and 
nothing better than the excrescence of an uneducated or eccentric 
intellect. And again, how often do we see theory alone, however sound 
in itself, utterly prostrate and rendered worthless, through flying too wildly, 
for want of the obstructive and steadying power of practice. 

The following pages contain an account of the system which I have 
adopted, to produce the required combination of theory and practice ; 
and it is only fair to all concerned to claim, that a very large pro- 
portion of the members of this brigade have attained so advanced a 
position in their profession, as to be able to work all appliances 
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entrusted to them to the best advantage, to improve their appliances 
according to such financial and other latitude as may be allowed them, 
and to detect instantly fallacies in theories, or defects in finished work 
submitted to them. 

These qualifications have been largely recognized of late years in 
the honourable positions offered to our firemen elsewhere ; and I have 
no doubt that, wherever our trained men are employed, they will be 
found, if not interfered with to too great an extent, able to do the 
work entrusted to them with as much eflficiency as the means at their 
disposal permit, and at the same time with as much economy as is 
consistent with real efliiciency. 

It is probable that there never was a period in the history of the 
world when superficial knowledge was so rampant and aggressive as at 
the present hour. Persons with a mere power of articulation, and no 
^other qualification whatever, do not hesitate to impeach, in the strongest 
and most unequivocal language, the acts of thoughtful, honourable, 
learned, and devoted men, who have spent their whole lives in the study 
of their professions, and have brought the experience of years to bear on 
the very matter denounced. In the church, in law, in politics, in war, in 
engineering, in chymistry, in every branch of every business, however 
abstruse and little known to the world at large, the same thing is found. 
No difficult question is so difficult, no abstruse point so abstruse, no 
speciality so special, but that thousands, wholly unacquainted with the 
principles, the practice, or even the expressions and terms in use, and 
simply gifted with the unwise self-confidence of superficial know- 
ledge, will be found ready to rush in and offer to teach the oldest and 
most experienced professionals what they should have done or ought 
to do. 

I do not say that this should not be so. In our day we all 
acknowledge the value of free thought and free speech, and, to a great 
extent, the importance of public men so conducting their business that 
their acts may safely be reviewed by the unwise as well as by the wise ; 
but any man whose unhappy fate it has been to toil for years in turn- 
ing true principles into sound practice, under the strong and never- 
ceasing light of public observation, is justified in claiming some con- 
sideration for mistakes or short-comings, and more especially for the 
delay of an outgrowth fostered under such desolating influences. A 
plant would hardly be expected to flourish, if it were pulled up every 
morning to see whether its roots were sprouting. 

If all professions, old and new, high and humble, make the same 
complaint, it may perhaps be thought that no reason exists for urging it 
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in any special case ; but there is the question of degree which may be 
pleaded, and I do not hesitate to say that, if half the world believe 
that they know all about the church, the bar, the army, the navy, and 
the other old professions, nine-tenths of the world think they under- 
stand all about fires, and are prepared to offer their advice in season 
and out of season on the subject. 

The evil worked in the business of extinguishing fires by this baneful 
influence has been in almost all cases great, in some altogether over- 
whelming; and the result is that, in many important cities which could 
be named, the system of protection from fire is but little more than the 
merest semblance of what it ought to be; and the inhabitants suffer 
accordingly, either by the constant presence of danger, or the almost 
as serious calamity of a constant pa5nnent of high rates of insurance. 

The remedy for this evil is to employ a trained, skilled, and well- 
disciplined force, and to follow the advice of the responsible ofllicers in 
matters of arrangement and detail, subject, of course, to such limits of 
expenditure as may be laid down for the guidance of all concerned. 

A safe principle would be, for the inhabitants of a town to consider — 
first, what amount of insurance would cover their losses if they had 
no protection at all ; secondly, what amount of protection would afford 
them almost complete security from loss ; and then, working from these 
two points, to decide for themselves how much they would be inclined 
to spend directly on defensive measures, and how much indirectly on 
the payment of losses. There is no greater or more common delusion 
than to suppose that the intervention of an insurance company has any 
thing to do with this matter. Every town has certain risks, and, when 
losses occur, they are paid for by the town itself, either directly or 
through an insurance company drawing its premiums from the town. 
The business of insurance companies is simply to receive premiums and 
pay losses, and, of course, they assess the former so as to cover the 
latter, and leave a margin for profit. Many persons insure, and it is 
most proper and praiseworthy that they should do so, as they may not 
have capital to repair such losses as they are liable to ; but this does 
not in any way afiect the principle here laid down, that each community 
has, in some way or other, to pay for its own losses, and should therefore 
take the necessary precautions for its own interests, which brings us 
back to the point from which we started — namely, the advantage of 
employing skilled professional persons to advise as to the several 
apportionments of direct and indirect payments, and to work and be 
responsible for all matters connected with the system of protection. 

These were the first points which forcibly struck me in connection 
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with the subject of reducing losses by fire ; and their importance led me 
on imperceptibly, until eventually I found myself engaged in the business 
as a speciality. 

My connection with the business is told in a few words, and may be 
instructive. 

Happening, some sixteen years ago, to be engaged in re-organizing 
the municipal forces of a large commercial city, I was entrusted, among 
other duties, with the charge of the fire brigade, which was not at that 
time in a satisfactory condition; and I immediately set to work lo 
ascertain what knowledge existed on the subject, but merely for the 
purpose of showing others what to do, and without any intention at the 
time of devoting myself permanently to the business. To my great 
surprise, I found that there was no published information to be 
obtained ; and I accordingly proceeded to some of the principal cities 
in which I thought I might have the advantage of learning something 
by personal observation ; but I was sorely disappointed, and returned 
to the scene of my duties altogether disheartened at my failure. I had 
found in most places some practical knowledge existing, but not what 
appeared to me sufficient method for a work in itself of so much import- 
ance, and always requiring to be transacted rapidly and without mistakes ; 
and there seemed to be nowhere the theoretical knowledge, without 
which no business or profession can keep pace with the growing require- 
ments of our time. 

I first studied the practical details of the appliances used in extin- 
guishing fires, and with this very small stock of special information, and 
such mechanical and scientific knowledge as remained to me from a 
university career, I entered on the duties. At first a habitude of dealing 
with men, and a knowledge of the principles and practice of organization, 
coming after a management deficient in these particulars, brought some 
credit, and when, in difficult or important cases, a success occurred, there 
was the usual kind and quantity of qomniendation which a public servant 
doing his best is pretty sure always to receive. Many and great were 
the congratulations, and very highly they were prized ; but after the lapse 
of so many years I may now frankly acknowledge that some of the most 
painful humiliations of my life were undergone at that very period. I 
could not but accept expressions of kindness as they were offered, yet I 
felt they were but half deserved. None knew as I did how very nearly 
the great successes had been great disasters. Even as I write these lines, 
1 can recall distinctly to my recollection cases in which I had all but 
sacrificed the whole of my little band in the attempt to do what was almost 
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impossible, and only corrected the error at the exact critical moment 
when further delay would have made it irrevocable. Then would follow 
the explanations in the form of a lecture — for even in those early days I 
had adopted this mode of conveying instruction — and, during the lecture, 
a recapitulation of the orders given and the reasons for them, particularly 
those which either seemed contradictory or were actually so; for, in 
practical work of this kind, it is often necessary to change the orders very 
suddenly ; and by degrees there would creep out from me some kind of 
acknowledgment that such and such a move had been a mistake, as it 
involved a great risk for a small gain, but that at the moment it seemed 
to be the proper course, and so forth ; and then would come from the 
auditors the condonation— not perhaps in words, as that might have 
interfered with discipline, but yet clearly, distinctly, and unmistakeably 
expressed — in short, a direct encouragement to do the same again. 
Such are the ways of men ; the desire for success is always present, and, 
if properly encouraged, becomes paramount ; and it appears to me that 
there is no order which they will not obey with alacrity, if given steadily 
by a swpeiioT present with them. 

When we read of men showing the white feather in the hour of peril, 
we should be very careful how we judge them. I can only say, that any 
instances which have ever come under my personal notice in this way, in 
the various cities and countries which I have visited, have been invariably 
traceable to want of discipline, want of knowledge, absence of organiza- 
tion, indistinctness of orders, or some other fault, not of the men them- 
selves, but ot those in charge of them. 

Men seldom desert a superior who thoroughly knows his business, 
whatever it may be, and who is steady ; but, if they find themselves, as 
we know they do in many places, working under a man without these 
qualifications, and are consequently driven to take care of themselves, 
who shall blame them ? 

If there had been any sound practical treatise in print on the 
subject of extinguishing fires, or if I had anywhere found such a 
combination of theoretical and practical knowledge as the work 
appeared to me to demand, I should simply have followed in the 
beaten track, and have been most thankful to be relieved from a 
great addition to labours which, in other directions, were sufficient to 
tax all the energies of a man. As such, however, was not the case, 
I found myself compelled to enter on a complete study of everything 
connected with the business, and, aided only by a sound mechanical 
and scientific education, I succeeded at an early stage in rejecting 
all useless, unmeaning, and erroneous terms — a most important work, 
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and one absolutely necessary to eventual success, inasmuch as there 
existed an amount of what may be called empirical slang, sufficient 
to obscure, if not altogether to stifle, every principle of sound progress. 

Those days have long since passed away, and it might be thought 
that any mention of them at present is unnecessary, if it were not 
explained that, in many other countries and in many cities of this 
country, most of the terms still in use are no better than what I have 
ventured to call empirical slang, and that, in my judgment, wherever 
an unsound nomenclature prevails, it is little less than impossible to 
instil sound principles, which are the only true foundation for sound 
practice. 

After the rejection of corrupt and misleading terms and expressions, 
the work became comparatively simple ; proper terms and expressions 
were easily introduced ; circumstances happened to give large oppor- 
tunity for practical working ; then came the adoption of method and 
order ; after that, a systematic course of instruction, and eventually an 
improved efficiency of all concerned. All this, happening in the midst 
of local disturbances, and the transaction of the general business of a 
large commercial city, naturally occupied a considerable time ; but no 
part of the work was omitted or hurried over, and the result was that 
I became identified with the institution, and eventually abandoned 
my general business, and adopted the profession of a fireman as a 
speciality in an enlarged sphere of action. Thus it will be seen that, 
without any intention on my own part, beyond a general desire to carry 
out effectually an unavoidable duty, I drifted or was drawn into the 
business by a combination of circumstances, and especially by the 
absence of any practical treatise or methodized information, such as 
that which I now offer for the use of those interested in the subject. 

The object of the following pages is to convey to those interested in 
the business of extinguishing fires the necessary information concerning 
the organization, training, and duties of firemen, and all the appliances 
which they have, or ought to have, in use ; comprising, in a condensed and 
methodized form, the principal portions of the course of instruction which 
I have employed for many years, and by means of which I have succeeded 
in training hundreds of men, of whom some may now be found in other 
cities, some even in other countries, many still remaining with me as 
fellow-labourers and friends, but all, according to their opportunities 
and length of service, provided with a general knowledge of sound 
principles and of the mode in which these principles can be reduced to 
practice. 
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No man who has thoroughly studied and mastered these instructions, 
can be led away by wild and unmeaning assertions of interested persons 
offering machinery and other appliances for adoption in a brigade, and 
this alone ought to justify the publication of the present Work ; but there 
is a further and a stronger reason, and that is that the time has arrived 
when it seems to me to be desirable, in the interests of true economy, to 
assert that the art of extinguishing fires has now attained the rank of a 
profession. 

It must be owned that no attempt has hitherto been made, in this or 
any other country, to embody, in anything approaching to a complete 
or comprehensive scheme, the principles and practice so essential to our 
work. It is true that in France, Germany, and other countries, printed 
manuals of some kind have been in use for many years in the fire 
brigades ; but they are meagre in the extreme, and, however suited to 
the countries in which they are found, and to the appliances adopted in 
those countries, would be altogether useless for the instruction of fire 
brigades charged with the protection of great commercial cities. 

In conclusion, I need not hesitate to say that, if such a Work as this 
had been published some sixteen years ago, it would have saved me very 
much labour; and I have therefore every confidence that it will be 
of service to all who are interested in the preservation of life and 
property, and especially to those who have devoted themselves to the 
practical work of extinguishing fires, and who, whether their claim be 
conceded or not, consider, with my fellow-labourers and myself, that the 
business, if properly studied and understood, is worthy of being regarded 
as a profession. 
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Stand pipes 

Steam, raising of 

Stoking irons 

oiraps ... •.• ■•* 

Suction pipes 

Suction-pipe crutches 
Suction-pipe strainers 
Suction-pipe wrenches 
Sway-bars 
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Tube barometer 
Tubes, breathing 
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Working, general 
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Wrenches, suction-pipe 
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INTRODUCTORY. 



A FAIR general knowledge of the laws of nature is essential to the 
proper transaction of the practical work of our profession. 

It is not at all necessary that every Fireman should be profoundly 
versed in the higher branches of the study of the atmosphere known as 
pneumatics, or of that of water known as hydraulics ; but, as he has to 
deal constantly with those substances, it is absolutely indispensable that 
he should thoroughly understand their nature and properties, and the 
general working of certain principles by means of which he is enabled to 
control them to his use. 

The following pages contain only a summary of these two subjects, 
my object being merely to place before those interested, in a simple 
and compendious form, a statement of some important general prin- 
ciples which will enable them to avoid the errors so numerous among 
uninformed persons in working Fire Appliances, and at the same time 
to provide such an amount of technical information as will be sufficient 
for practical purposes. 

GENERAL EXPLANATION. 

Substances are either solid, liquid, or gaseous. 

A solid substance is one which naturally preserves a uniform size and 
permanent form, and the several parts of which, unless subjected to 
great pressure or other exceptional causes, keep their positions relatively 
to each other unchanged, even when the whole mass is in motion. 

A liquid or fluid is a substance which naturally preserves its bulk, but 
not its form, and the several parts of which change their places relatively 
to each other with very slight cause, so that the whole mass readily 
accommodates itself to the shape of any channel, vessel, or receptacle, 
in which it is placed, and, in case of the receptacle not being sufficient, 
fills such space as is aiforded, and then simply overflows, if allowed to 
do so. 

A gas or gaseous substance is one which naturally does not preserve 
either its bulk or its form under any circumstances whatever. It has a 
certain quality or power called elasticity, which exerts its influence 
under all circumstances, unless controlled by a stronger power. This 
elasticity causes it to expand into any space which it finds unoccupied, 
and consequently to change both its bulk and its form with the slightest 
cause. 
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There is reason to believe that this power of elasticity is not without 
limits, as there are supposed to be places in the universe, such as the 
moon and others, which are not surrounded with air, and, according to 
the foregoing theory, the air, which surrounds the earth on which we 
live, should expand and fill up the empty space ; but, so far as our 
practical knowledge on the subject goes, there is equal reason to believe 
that there is no limit whatever to the elastic power of the atmosphere, 
except such as may be appHed by force. 

It is no part of the question now before us to attempt to reconcile 
these two apparently discordant theories. We are told that there is 
somewhere a limit to the expansive power of the air, and we believe it, 
partly because we are told it by those whose business it is to instruct us 
in such matters, but chiefly because our own reason and powers of 
observation convince us that, if this theory were not correct, certain 
phenomena which we witness could not be accoimted for. While, there- 
fore, we cannot deny, but on the contrary freely acknowledge, the entire 
correctness of the theory which lays down that the atmosphere does not 
extend beyond a certain distance from the earth, we must at the same 
time insist on the positive certainty that, so far as our practical powers 
of testing and observing extend, the expansive power of the air within 
such distances from the surface of the earth as we have access to is 
absolutely without any limit whatever, except that applied to it by force 
or pressure from without, and that consequently within these distances 
a cubic inch of air, or any other quantity, however small, if placed in a 
chamber with a capacity of a million cubic feet, from which the air has 
been previously removed, will instantly expand and fill the whole space. 

Substances may be found under such conditions that it may be 
difficult to decide which of the heads here given they should be 
classed under. This difficulty arises chiefly when they are in a state of 
transition, as when a solid has been partly melted, or a liquid partly 
vapourized. 

Such cases are governed by no general rules, and must be dealt witli 
according to the attending circumstances ; they are only mentioned here 
for the purpose of guarding against any misconception which might 
otherwise arise from the apparently rigid definition of substances at the 
commencement of this chapter, as being either solid, liquid, or gaseous. 

AIR. 

The ordinary air which surrounds the earth on which we live, is 
said to extend to a height or distance of about forty-five miles. It is 
commonly designated by the term atmosphere, which is derived from a 
Greek word, " attnos " (gas), and signifies literally a sphere or globe of 
gases. 

The air, or atmosphere, though not obviously apparent to some of 
the senses — as hearing, seeing, tasting, or smelling — is yet an absolute 
substance as much as timber, lead, water, or the earth itself; and, 
though it differs in certain qualities from all of these, still it is no more 
unlike any of them than they are unlike each other, and in many points 
it exactly resembles them all ; in fact it possesses in a certain degree 
the properties of all matter of whatsoever kind, solid or liquid. 
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It has weight, as all substances have, in a different degree certainly, 
but still absolute weight, which is thoroughly known, and it presses on 
everything exactly according to its weight in the same manner as any 
other substance would do. It is true that, being to a certain extent of 
the nature of a fluid, it has also a pressure additional to that which 
solids have ; but the first point to be impressed on the student is the 
fact that the air is an actual substance, with many of the qualities and 
properties of all other substances of every kind whatsoever. 

The next point of importance in connexion with the atmosphere is 
its impenetrability, a quality which it has in common with all other 
matter, whether solid or liquid. 

Impenetrability may be defined as the property, in virtue of which a 
body occupies a certain space to the exclusion of all other bodies, the 
meaning of which is that it cannot occupy the same place at the same 
time as any other substance, and that, if a substance of any kind be 
placed in a vessel containing another substance, a portion of the latter 
must leave the vessel to make room for the former, or in a confined 
vessel the latter may become compressed into a smaller space, and so 
allow room for the other substance. 

The following simple illustration will serve as a proof. If a vessel 
be filled to the brim with water, and a body of any kind, measuring say 
a cubic inch, be immersed in it, a cubic inch of water wDl be driven out 
of the vessel. 

Now if the vessel be what is commonly called empty, that is to say, 
filled only with atmospheric air, and the cubic inch be placed in it, 
precisely the same result happens, though invisibly, and one cubic inch 
of air is driven out. 

That the air is an actual substance is very clearly shown by inunersing 
in water an inverted tumbler, when it will be 
found, that, no matter how much pressure be 
caused by the depth, the water inside cannot reach 
the top of the tumbler, thus proving that it is 
prevented by a body or substance. 

It has also a quality by means of which it is 
capable of a considerable amount of expansion and compression. 

This is a property which exists in all substances, but to very different 
extents, being in ordinary solids and liquids confined within narrow 
bounds, whereas in gases and air it is almost, if not altogether, without 
limit. 

Every body or substance is composed of a number of small particles. 

In solid substances these particles are held together by what is called 
cohesion. This word is derived from a Latin verb, which signifies to 
stick together, and it is used to express the attractive power by which 
the particles composing any substance are held together. 

In solids there are scarcely any two substances which have an exactly 
similar cohesive power. Thus, if a lump of sugar be compared with a 
flint, it will be found that the sugar has a very small cohesive power, 
while the particles of flint can be separated only by great force. Again, 
compare a lump of salt and a lump of steel, and the cohesive power 
of the salt will be found so slight that the particles are only kept in 
their places when the lump is at rest, while on the contrary the cohesive 
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power of the steel is so great that it is almost impossible to crush it or 
alter its shape at all until its nature and qualities have first been altered 
by the application of heat 

In liquids the attraction of cohesion is so weak, that the particles 
pass over and by each other with perfect ease, and instantly take the 
mould or shape of any vessel in which they are placed. It has been 
sometimes said that liquids have no cohesion, but it is evident that 
they have some by their forming, when scattered, into drops. 

In atmospheric air, and all other gases and vapours, their is no 
cohesion whatever, but on the contrary there is a positive repulsion, or 
force, by which the particles comprising these substances endeavour to 
get away and separate from each other. 

This is the quality of gases known by the name of elasticity. 

There are many elastic solids, and other similar substances, possessed 
of this quality, so far that by the application of force they may be 
made to contract or expand, but they have each a point of rest, at 
which they appear to have no tendency to become either greater or less, 
and in this they differ very materially from gases, which have a constant 
tendency to expand, under all circumstances whatever, until controlled 
by a greater power ; and this tendency is the same, whether the air be 
enclosed in a vessel and separated from the outer atmosphere or not 
It differs under certain circumstances in degree, but the tendency 
within those regions to which we have access remains always the same. 

The more a volume of air is allowed to dilate, the more attenuated 
it becomes, and with its loss of density it also loses a proportional 
quantity of its specific gravity, pressure, and elasticity. 

Thus, if a volume of air equal to one cubic foot weigh -08 lb., and 
the same quantity be allowed to expand to a bulk of two cubic feet, the 
wliole will weigh only the same, '08 lb. after expansion, and its specific 
gravity in the attenuated state will consequently be reduced to half. In 
this case the pressure and elasticity would also be reduced by one half 

The air is also compressible ; a volume of any size can, on the appli- 
cation of force, be compressed into a smaller bulk, its specific gravity, 
pressure, and elasticity increasing in direct proportion with the increase 
in its density. 

Thus, if a cubic foot, weighing as before, '08 lb., be compressed into 
a bulk equal to half a cubic foot, it will still weigh '08 lb., but, as it 
occupies only half the space, it has twice the density and twice the 
specific gravity, and its pressure and elasticity are also doubled. 

If a vessel be filled with atmospheric air of the same density as that 
of the outer atmosphere, the pressure on the inside will be equal to that 
on the outside ; but if a greater quantity of air be added by forcing it in, 
the inner air, though occupying only the same space, is then of greater 
quantity, and, in consequence of its greater density, has a greater pres- 
sure, and, if the forcing be continued, the air will become so dense, and 
consequently so elastic, that it will eventually burst the vessel. 

The existence of this ciurious and extremely important law of air, 
namely, the exact proportion between its specific gravity, elasticity, 
density, and pressure, when of the same temperature, is proved by the 
following very simple experiments. 

Fill an inverted syphon with water to a certain height, A B, both ends 



AIR AND WATER. 



£ 



-L 




-a4£^]D^ 



being open ; then cut off the connection with the atmosphere at either 
end, and the water in both arms of the syphon will 
still be on a level, thus showing that, though one arm 
is pressed down with the whole weight of the at- 
mosphere, it is exactly balanced by the other, which 
is cut off altogether from the outer atmosphere, and 
has no power of pressure or weight, except that im- 
parted to the enclosed air by its own elasticity. 

The next point to consider will be the proportion 
which the elasticity and the density of the atmosphere 
bear to each other, and here again we can be guided 
by a very simple experiment 

Fill an inverted syphon to any height, A B, and 
the water will be found level in both arms; then shut 
the stop-cock, C, in one arm, and fill up the water in 
the other arm to E, a height of 34 feet, thus placing in it a column of 
water with a pressure of about one atmosphere, and it will be found 
that the water which before stood at A, has been raised by the pressure 
to D, half way up to C, and that the air which before occupied the 
space A C, now only occupies the space D C ; in short, that it occupies 
only half the space, or in other words, as none has escaped, that it has 
twice the density, and, consequently, twice the specific gravity. 

Now, sA first it only supported the weight of the atmosphere, but we 
have since added a column of water equal to the weight of the atmosphere, 
so that it now supports the weight of two atmospheres; or, in other 
words, it exerts twice the pressure and has twice the elasticity ; and it 
has been already shown that it has twice the density and twice the 
specific gravity, thus proving that these four qualities are in direct pro- 
portion to each other. 

In the case of the inverted tumbler, also, to which allusion was made 
for the purpose of showing that air is a substance, it will be found that 
the lower the tumbler is placed in the water the greater will be the pres- 
sure, and' the air inside will become proportionately reduced in volume. 
Thus at the surface of the water the air fills the tumbler, while at a dis- 
tance of 34 feet below the surface the pressure of the water will have 
forced the air into half the bulk, so that the vessel will contain half 
water and half air. 

The pressure of the atmosphere on top of the water is about 15 lbs. 
on every square inch, and the weight or pressure of the water 34 feet 
above the vessel is also 15 lbs., that is 30 lbs. altogether; while inside 
the tumbler there is at first only a pressure of 15 lbs. to resist this 30. 
The water being 30 lbs., therefore, at first forces the air, which is only 
15 lbs., into a smaller space, and as the air becomes less in bulk it becomes 
more elastic, in fact stronger ; so that, when it comes to only half its 
original bulk, it is able to resist twice the pressure ; in short, the pres- 
sure of the air within, which at first was only 15 lbs. on every square 
inch, has now become 30 lbs., and therefore can resist a pressure of that 
amount from any other body. 

The atmosphere varies in weight, and consequently in pressure and 
the other properties already alluded to, according to its distance from the 
surface of the earth. 
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It is heaviest at the lowest levels, and lightest at the highest, the 
lower strata or layers being compressed by those above, in the same 
way as other substances would be. 

For instance, if a large number of bales or parcels be piled one above 
the other, the lower bales sustain the weight of the upper, and, if the 
pile be raised to a great height, the lower bales will become compressed, 
and will occupy a smaller space than those above ; or, to put it in 
another way, if a great quantity of wool, or other light substance, be 
piled up, it will be found that, although at the top it lies so loosely as 
to be blown about by the wind, yet at the bottom of the pile it lies 
almost as close and solid as timber ; and, if a cubic foot cut out at the 
top, and another cubic foot cut out at the bottom, be weighed sepa- 
rately, it will be found that that taken from the base will be much the 
heavier. 

At the same time the wool has undergone no change whatever, and, if 
the cubic foot taken at the bottom be removed to the top, it will be 
found to fill much more than a cubic foot, inasmuch as it will be relieved 
from the pressure, while the foot taken firom the top and subjected to 
pressure below will be found not to fill more than a few cubic inches. 

Now, it is precisely the same with the atmosphere. So far as we 
know, the whole height of the atmosphere is, as already mentioned, 
about 45 miles, and yet one-half of the whole quantity is contained in 
Ag -MiUa Tri«n> ^^^ 3i ™il^s nearest to the earth, and about 

■—^—-—5?^ one-fourth in the next 3 J miles, that is about 

three-fourths in the first 7 miles, leaving only 
one-fourth for the remaining 38 miles. 

We next come to consider the pressure of 
the atmosphere on the several objects which 
it touches. 

On the level of the sea the pressure of the 
atmosphere is as nearly as possible 15 lbs. on 
every square inch of surface; on higher levels 
It is less, but on the level of London the pressure may be assumed to be 
about the same as on the sea. 

Thus it will be seen that the pressure on the body of a man amounts 
in all to several tons. 

The body of an ordinary man of 5 feet 8 inches in height, and of 
average^ bulk, has a surface of about 2,500 square inches exposed to the 
external atmosphere, and on each square inch there is a constant pres- 
sure of about 15 lbs., so that the whole pressiure, 2,500 x 15, amounts 
to 37,500 lbs., or upwards of 16 tons. 

It may be asked how it happens that a man is able to sustain the 
weight of several tons ; but this is easily answered. 

The air, as already explained, consists of a collection of small particles, 
and these particles are so minute, and from their elastic nature so pene- 
trating, that they find their way into every opening, however small. 

They are, moreover, possessed of the property of gases, one of the 
distinguishing and characteristic laws of which is, that they press equally 
in all directions, up, down, and sideways. 

Now, the air penetrates all through the body of a man ; it permeates 
his blood, and fills the pores of his skin, and by its elasticity inside it 
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exactly countemcts the pressure on the outeide, so that, although the 
man is actually bearing on his outer surface the weight of several tons, 
he is, as it were, supported from the inside by a compensating power, 
which does not allow his body to become compressed or otherwise 
injured. 

If it were possible to exhaust from the inside of a man's body all the 
air, he would be crushed in a mpment ; and again, if it were possible to 
exhaust from the outside all the air which encircles him, the air inside 
him would swell to such an extent, that he would burst in a moment. 

Both these cases may be partially tested, by going down into the sea 
in a diving-bell, or ascending into the air in a baloon. 

In the case of the diving-bell, as soon as it has descended about 
34 feet below the surface of the water, the man inside it begins to suffer 
from the pressure of the atmosphere, which is then double that which he 
is accustomed to ; and, if he goes down further, he suffers still more, from 
subjecting his body to a pressure which it has not been intended or 
formed to bear up against 

In the case of the balloon, as soon as a height of 3i miles has been 
attained, the man's body begins to suffer from the removal of the outside 
pressure of 7 J lbs. on each square inch. 

In both these cases he is supported from within, but not to the same 
extent, as the structure of his body is suited chiefly to the ordinary 
atmospheric pressure on the earth's surface, and cannot readily adapt 
itself to violent changes. 

BAROMETER. 

There is an instrument in common use, called the barometer, the 
working of which must be explained, not for its ordinary purpose as a 
machine for telling or foretelling the state of the weather, but because 
the principles on which it acts are the same which influence some of 
the most important operations not only of a fire engine, but of our 
business generally. 

The word barometer means simply " measure of weight," though it is 
commonly used to signify the instrument in ordinary use for measuring 
the weight of the atmosphere. 

First, it should be explained how it happens that the air has not 
always the same weight, or specific gravity, at least at any one spot. 

It has been already said that the density, weight, and elasticity of the 
atmosphere, are in direct proportion to each other. Now, everything 
increases in bulk by the application of heat, and an increase of any 
given body in bulk is only another name for a decrease in density. 
This is the case with all solids and liquids to a slight degree ; but an 
increase of temperature has a much more marked effect on gases and air 
than on solids. 

When the sun's rays have increased the temperature of any spot on 
the earth's surface, the air over that spot becomes increased in bulk, or, 
in other words, decreased in density ; and, in consequence of the law 
previously explained, it continues to rise, until it reaches such a height 
that its density and that of the surrounding atmosphere are alike. 
That is to say, on the application of heat it immediately begins to 
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ascend, and continues to do so during the continuance of the heat 
The air directly over that spot then extends to a greater height than that 
of the air surrounding it, but being only the same quantity, it weighs no 
more in its altered condition than it did before. But now a law of 
liquids, that of finding their own level, comes into force, and endeavours 
to make the upper surface even, which is effected by causing the higher 
or rarefied air to overflow on the top of the air adjoining. The adjoining 
air is made heavier by the addition, and being heavier is, for the reasons 
already explained, more elastic or stronger, while that deprived of a 
certain amount of its weight by the overflowing has become less elastic 
or weaker ; the consequence of which is, that the air rushes from the 
cold place to the place which has been heated. This air in motion is 
the familiar effect known as wind, and, though subject to many disturbing 
influences, it comes in certain places, and at certain seasons, with the 
utmost regularity. 

The sea has a much more equable temperature than the land. When 
the sun heats the land by day, the air over the land ascends, and that 
firom the sea, which is then colder, rushes in, and forms the sea breeze ; 
but at night, when the land, after the withdrawal of the sun's heat, has 
become colder than the sea, the air from the land, being more con- 
densed, forces its way to the comparatively rarefied air on the sea, and 
forms the land breeze. 

There are numerous other causes which act unceasingly on the 
atmosphere in such a manner as to affect its weight; but it is not 
necessary, at this stage of the instructions, to do more than simply point 
out the general principles on which these variations of the weight of the 
atmosphere depend. 

The barometer is an instrument made for measuring these changes of 
weight of the atmosphere, and it is ordinarily formed in either of two 
ways ; but in principle, both are alike. A quantity of liquid, commonly 
mercury, is placed in a tube, which is open at one end and closed at the 
other, and contains no air whatever. 

The column of liquid is therefore pressed on at one end by the weight 
of the atmosphere, and at the other end by nothing at all; and 
consequently its length, or head, which is the vertical difference between 
its two levels, is an exact measure of the weight which causes equilibrium 
or balance with the atmosphere. 

There are two other instruments in use for this purpose, called respec- 
tively the aneroid and the metallic barometers. 

The word aneroid means "without fluid," and the word metallic 
" formed of metal," and, therefore, as far as regards the absence of fluid 
or the presence of metal, the names are equally applicable to both, and 
might be used indifferently. 

The instruments, however, to which it has been the custom to attach 
these names, are somewhat different. 

The aneroid consists of a flat metal box, generally about half an inch 
thick, and two inches in diameter, from which nearly all the air is ex- 
hausted. The top and bottom are corrugated so as to yield to external 
pressure, and to return when the external pressure is removed or partly 
removed. This movement, though almost too slight to be perceptible 
to the unaided senses, is made apparent by means of a very delicate 
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spring communicatmg motion to a hand which moves on the face of a 
dial graduated to points corresponding to the inches of a column of 
mercury in a tube. 

A metallic barometer consists of a long slender flattened metallic 
tube, from which a portion of the air is exhausted. This flattened tube 
is bent in the foiro of a ring. Its principle of action is that the external 
atmosphere, when it in- 
creases in pressure, tends 
to close or coil the tube, 
and, when it decreases in 
pressure, tends to allow 
the ends to separate. One 
end is fixed, and, conse- 
quently, the other receives 
the effects of the whole 
movement, and there is a 
system of small levers 
and a rack, which com- 
municate this movement |'^ 
to a pinion wheel in ' 
centre, and by that me; 
to a spindle, on the end ' 
of which is placed a re- 
volving hand to indicate 
the pressure on the face 
of a dial graduated in the 
same way as that of the 
aneroid. 

The machinery and ge- 
neral system of arrangement may seem somewhat complicated, but these 
are very favourite instruments notwithstanding, and are as much relied 
on as lie others by sailors and all persons whose business is consider- 
ably affected by atmospheric influences. ' 

TTie mercurial instruments are those about to be described ; they are 
of two kinds, called respectively the Tube Barometer and the p 
Wheel Barometer ; and although, as previously stated, the same 1 1 
law governs the action of both, they are for simplicity, and to 
avoid confusion, described separately as follows :— ; 

TUBE BAROMETER. j 

The tube is first inverted and filled, and its open end then 
turned down into a cup or vessel containing a portion of the 
same liquid, or it is made with room for this extra quantity 
in the bottom of the same tube. 

At the upper end there is a vacuum— that is, a space not con- 
taining air— and the liquid is therefore pressed at one end by 
the weight of the atmosphere, and at the other end by nothing 
at all, and when the atmosphere is heavy it drives the liquid 
up to a greater height than when it is light. Several sub- 
stances have been tried for this purpose, but the weight of the 
atmosphere, being about 15 lbs. to every square inch, would sup- 
port 3 column of almost any ordinaiy liquid to a considerable 




10 AIR AND WATER. 

height, and very few houses would contain pipes of sufficient length. 
It has, therefore, been found more convenient to use quicksilver, which 
is a liquid of about 13^ times the weight of water, and which cannot 
be raised by ordinary atmospheric pressure to a greater height than 
about 31 inches, the height being measured from the level of the 
mercury in the cup to that of the top of the column of mercury in the 
tube. 

WHEEL BAROMETER. 

This is on precisely the same principle, being a column of mercury 
supported by atmospheric pressure, as in the tube, but its working is 
somewhat different, and the gauge on which the inches are marked is a 
dial, instead of a common scale of inches. 

A bent tube is first filled with quicksilver, and then inverted. A small 
float is placed on the surface of the liquid in the tube, and a line from 
this passes over and round a spindle, and is balanced at the 
other end by a counterweight. 

To the end of the spindle there is attached a hand, to 
which motion is communicated by the rising and falling of 
the float and the consequent movement of the line ; and there 
is in front a dial, which is graduated in such a way that the 
length or head of the column of mercury can be read off" by 
observing the hand. 

It must be mentioned that the marking of any barometer 
for " rain," " fair weather," and so forth, is most unmeaning, as 
the function of the instrument is simply to register the number 
of inches of mercury which the atmosphere will support, or, in 
other words, the pressure of the atmosphere ; and any ob- 
servant person can see, by every day watching, that rain falls 
sometimes when the atmosphere is heavy and sometimes when 
it is light, and that naming certain weights of the atmosphere 
as indicating rain or fair weather is mere assumption. 
When the barometer falls, the only thing indicated is that the atmos- 
phere is lighter than it was ; and the only inference to be drawn from 
this is, that the heavier atmosphere in some other quarter may be ex- 
pected, if not interfered with, to rush in and become mixed with the 
rarefied air — in other words, that there may be a breeze of wind shortly ; 
but even this is not always the case, as it is well known that the barometer 
constantly rises before easterly winds in this country. The fact is, that 
the painting of these words "rain," "changeable," "fair," &c., &c., is only a 
device to sell the instruments, and has really no meaning besides. Every 
place has its local peculiarities, and it requires an obseivant person, with 
a proper knowledge of his instrument, and a constant study of it, to tell, 
even in any one place, what the barometer signifies as to rain and fair 
weather, and in his decision he is guided almost entirely by local circum- 
stances and local knowledge, which will show him what happened at the 
same place under the same conditions at some previous time ; and it is 
of much more importance to observe generally whether the mercury in 
the barometer is rising or falling than to note the point at which it 
stands. 

This part of the subject has been treated at considerable length for 
the purpose of impressing on the student the true principles of atnios- 
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pheric pressure, and removing from the barometer that mystery which 
so many attach to its working. 

As a matter of fact, the weight or pressure of the atmosphere is con- 
stantly varying, and the barometer is merely a simple instrument used 
to indicate the variation, and subject to the same laws of nature which 
govern many of the most ordinary operations of our lives, such as 
breathing, drinking, and others. 

The extent of the variation in England is about from 28^ to 30 J 
inches, that is, a variation of about 2 inches. 

Now, a column of. mercury of i inch square and 30 J inches high 
weighs almost exactly 15 lbs., while a column of the same area 28^ 
inches high weighs only 14 lbs., so that the atmosphere presses at certain 
times with a pound more weight on every square inch exposed to it than 
it does at other times; but this greater weight of the atmosphere is 
found at the time when it is usually spoken of as being very light and 
exhilarating, while the atmosphere on a dull day, when it is generally 
called heavy, is in reality much lighter, as may be seen by the reduced 
height of the column of mercury in a barometer. 

Now supposing that, in addition to the mercurial barometer, a water 
barometer be also used, it will be found that on a clear bright day, when 
the column of mercury stands at a height of 30J inches, that of water 
will stand at a height of 34 feet 6^ inches ; and when the mercury is at 
28^ inches, the water will be at about 32 feet 3^ inches. 

As this branch of the subject is most important in connection with the 
feeding of our pumps by means of atmospheric pressure, or as it is 
commonly called suction, a table is appended giving the pressure of the 
atmosphere for every inch of a column of mercury, and the corresponding 
height of a column of water under the same conditions. 

Vacuum Table showing the Pressure of Mercury under certain Heads, and the Cor- 
responding Column of Water. 



^ .A 


Pressure on 


Corresponding column of 


.. .i 


Pressure on 


Corresponding column of 


Mercury 
in inches 


each square 


water. 


Mercurj 
in inches 


each square 


water. 


inch, in lbs. 
avoirdu- 
pois. 


In feet and 

decimals, 

exact. 


In feet and 

inches, 
approximate. 


inch, in lbs. 
avoirdu- 
pois. 


In feet and 

decimals, 

exact. 


In feet and 

inches, 

approximate. 


I 


•49 


I -13 


I ft. li in. 


17 


8-35 


19-26 


19 ft. 3 in. 


2 


•98 


2*27 


2 >f 3 >> 


18 


8-84 


20-39 


20,, 4I „ 


3 


1*47 


3*40 


3 »» 4l » 


19 


9*33 


21-53 


21 „ 6i „ 


4 


1*96 


4*53 


4 » ^k ff 


20 


9-82 


22-66 


22 „ 7l » 


5 


2 '46 


5-67 


5 » 7i n 


21 


10-31 


2379 


23 „ 9h „ 


6 


2*95 


6 -80 


6 „ 9i »» 


22 


10-81 


24*93 


24,, II „ 


7 


3 '44 


7*93 


7» " » 


23 


11-30 


26-06 


26 „ of „ 


8 


3*93 


9 -06 


9 » of » 


24 


1 1 79 


27-19 


27 „ 2i „ 


9 


4-42 


10 '20 


10 „ 2i „ 


25 


12-28 


28-33 


28 „ 3I „ 





4-91 


1 1 '33 


II „ 3l » 


26 


12-77 


29-46 


29 » 5i y» 


I 


5-40 


12*46 


12 „ 5i » 


27 


13-26 


30'59 


30 >» 7 » 


12 


5-89 


1360 


13 » 7 „ 


28 


1375 


31-72 


31 n 8| „ 


13 


6-39 


1473 


14 » 8| „ 


29 


14-24 


32-86 


32 „ loi „ 


14 


6-88 


15-86 


15 » loi „ 


30 


1474 


33 '99 


33 » "1 » 


15 


7*37 


i7'oo 


16 „ iif „ 


31 


1523 


3513 


35 ,» li » 


16 


7*86 


18-13 


18 „ li „ 











It will be 
necessary for 



perceived that the pressures 
keeping columns of water of 



here indicated are only those 
various heads stationary, and 
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that if it be desired to give the water any velocity in addition, as in the 
case of feeding a pump, an additional force or power must be applied. 

In feeding a pump by atmospheric pressure, the greatest force which 
can be applied is obtained by withdrawing the air from the inside of the 
pipes, and so disturbing the balance or equilibrium between the internal 
and external pressure. Thus it will be seen that in no case can there be a 
greater power than the actual pressure of the atmosphere at the moment 

Now if it be necessary to raise the water to any given height, this 
pressure or force has, as it were, two functions to perform ; the one to 
raise the column of water, the other to keep it running; and con- 
sequently the latter must always be the balance between the former and 
the total pressure. 

Thus, if the minimum pressure of the atmosphere this year, 28*5 inches 
of mercury, or 14 lbs. on each square inch, be assumed as the available 
force, it will be found that the following figures represent the mode in 
which it is divided for the purpose of the two functions above referred to. 



Table showing the force available for feeding a Pump at various 


* Heights 




by means of Atmospheric Pressure, 




Height of 

Column in 

feet 


Pressure of 
ditto in lbs. 


Balance in lbs. 
to cause 
Velocity. 


Height of 

Column in 

feet. 


Pressure of 
ditto in lbs. 


Balance in lbs. 

to cause 

Velocity. 


I 


o*43 


13-57 


18 


7-80 


6-20 


2 


0-87 


13-13 


19 


8-24 


5-76 


3 


1-30 


1270 


20 


8-67 


•5-33 


4 


173 


12-27 


21 


9-10 


4-90 


5 


2-17 


1183 


22 


9-54 


4-46 


6 


2 -60 


1 1 '40 


23 


9*97 


4-03 


7 


3*03 


10-97 


24 


10-40 


3-60 


8 


3*47 


10-53 


25 


11-84 


3'i6 


9 


3*90 


10-10 


26 


11-27 


273 


10 


4*34 


9-66 


27 


11-70 


2-30 


II 


477 


§13 


28 


12-14 


1-86 


12 


5 '20 


8-80 


29 


12-57 


1-43 


13 


5-64 


8-36 


30 


13-01 


0-99 


14 


6-07 


7*93 


31 


13-44 


056 


IS 


6*50 


7-50 


32 


13-87 


0-13 


16 


6-94 


7-06 


32*3 


14-00 


000 


17 


7-37 


6-63 


1 





In the calculations here given, the weight of the atmosphere at the sea 
level alone is taken into account. This will be quite sufficient for our 
purposes so long as we remain in the ordinary levels of this or almost 
any other country ; but if an experiment be tried at a considerable height 
on a mountain, or at a considerable depth down a cave, the pressure of 
the atmosphere on the height will be found much less, and in the pit much 
greater, and this will be shown by the shorter or longer column supported. 

Again, if the atmosphere be altered by mechanical means, as by with- 
drawing a portion of the air, or by adding some to the air, it will be 
found that the lighter atmosphere will support a shorter column, and the 
heavier atmosphere a longer column. As these are the operations 
performed by the common fire engine on the ordinary atmospheric air, 
it is of great importance to remember the principles on which they 
depend. 
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While these operations vary according to the height at which they are 
performed, the proportion of the column of mercury to that of water is 
found constant, being in fact as the weight of the two substances, about 
i3i to I, so that for every inch of mercury supported by the atmosphere 
it will be found that 13^ inches of water will be held up. 

The following are the absolute maxima and minima readings of the 
barometer, with the mean and range for each month in the years 1865, 
1866, 1867, 1868, at the height of 160 feet above the sea : — 





Reading of the Barometer.' 


Range of 


Column 


Corre- 










Reading 


of 


sponding 










in each 


Mercury 


Column of 




Maxima. 


Minima. 


Mean. 


Month. 


in inches. 


Water. 


1865. 














January 


30-207 


28-390 


29-404 


1-817 




ft 


in. 


February 




30-432 


28-718 


29-722 


I -714 




*•»• 


**!■ 


March ... 




30-204 


29-042 


29-722 


1-162 








April 




30-170 


29-680 


29-954 


0-490 








May 




30-225 


29-343 


29-769 


0-882 








June 




30-358 


29*120 


30031 


1-238 








July 




30-202 


29-416 


29-797 


0-786 








August ... 




30-172 


29-300 


29-711 


0-872 








September 




30*323 


29-750 


30-071 


0-573 








October... 




30*081 


28-824 


29-440 


1-257 








November 




30-325 


28-794 


29-720 


1-531 








December 




30-610 


29*005 


30-055 


1-605 








Highest reading, Dec. 


• • • 


• • • 


• • • 


• • • 


30-610 


34 


7 


Lowest reading, January ... 


• • • 


• • • 


• • • 


• ■ • 


28-390 


32 


I 


Range of reading 


• • • 


• • • 


• • • 


• • • 


2 -220 


2 


6 


1866. 
















January 


30-506 


28*643 


29*702 


1-863 








February 




30-197 


28-450 


29-529 


1-747 








March ... 




30-240 


28-896 


29-527 


1-344 








April ... 




30-294 


29-178 


29-743 


i-ii6 








May 


h% . . . . 


30-252 


29-278 


29-813 


0-974 








June 




30-118 


29-200 


29-774 


0*918 








July 




30-174 


29-097 


29-770 


1-077 








August ... 




29-970 


29-120 


29-638 


0-850 








September 




29-938 


29-025 


29-575 


0*913 








October... 




30-344 


29-488 


29-927 


0*856 








November 




30-169 


29-053 


29-786 


1-116 








December 




30-355 


29-078 


29-784 


1-277 






« 


Highest reading, January . . . 


• • • 


• • • 


• • • 


• • • 


30-506 


34 


si 


Lowest reading, February . . . 


• • • 


• •• 


• •• 


• • • 


28*450 


32 


If 


Range of reading 


• •• 


• •• 


• •• 


• • • 


2-056 


2 


31 


1867. 
















January 


30*061 


28-579 


29-514 


1*482 








February 




30-390 


28-701 


29-911 


1-689 








March ... 




30-608 


29-016 


29-624 


1-592 








April 




30-304 


28-895 


29-629 


1-409 








May 




30-003 


29-225 


29-738 


0-778 








June 
July 




30-411 


29-551 


29-935 


0-860 










30-156 


29-256 


29-730 


0-900 








August ... 




30-041 


29-501 


29-829 


0-540 








September 




30-332 


29-605 


29-915 


0-727 








October... 




30-306 


29-275 


29-758 


I -031 








November 




30-493 


29-394 


30-119 


1-099 








December 




30-225 


28-746 


29-854 


1-479 








Highest reading, March 


••• 


... 


... 


... 


30-608 


34 


7 


Lowest reading, January ... 


••• 


... 


••. 


... 


28-579 


32 


3i 


Range of reading . 


>•• •.* 


••* 


••• 


... 


... 


2-029 


2 


3i 
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RcidinR of ihe Ear 


oinclH-. 


Rnnee of 


Cl 


Cont- 








!r? 














3'.|"™of 




Muima. 


Mini™. 


Mean. 


oni 


iS'S 




i8(,8. 














Februflry 


30-220 


28-866 


29-741 


1-354 








30-404 


29-116 


29-970 


1-283 








March 


3o;443 


Z8-997 


29-824 


1-446 








May '.'.'. Z '.'.'. 


28-749 


29-782 


1-529 








3o->7S 


29-375 
29-538 


29-845 
29-980 


o-Soo 








June 


30205 


0-667 






Uj 


30-253 


29-509 


29-891 


0-744 






Augmt 


30-159 


29-047 


29-736 










September 




29-077 


29-693 










October 


30-241 


29-203 


29-792 










November 


30-463 


28-936 


29836 


1-527 








December 


30171 


28-530 


29-379 


1-641 








Highest reading, Nov. 










30-463 


34 


s 


Lowest reading, Dec. 










28-530 


32 


k 


Range of reading 










1-933 




_^j 



BUOYANCY. 

The next point to be noticed in connexion with the question before us 
is the subject of buoyancy, or that quality by means of which bodies 
have a tendency to float or sink. 

When a body of any kind, whether solid, liquid, or gaseous, is placed 
in a liquid or gas which is unconfined, it displaces a certain portion ot 
the latter ; if it be of less specific gravity than the latter, it floats on the 
top, and in that case it displaces a quantity equivalent to it in weight, 
but if it be of greater specific gravity, it sinks, and displaces a quantity 
equivalent to it in bulk. 

If any substance lighter than water be placed in a vessel containing 
water, it will remain on the top, and will not sink unless you apply to it a 
force or weight greater than that of a corresponding bulk of water ; and 
the same result occurs with air, if a lighter substance be pkced in it, even 
when that other substance is itself a gas or vapour. 

This is one of the laws of liquids and gases, and is that made use of 
in the balloon, which is filled with a gas much lighter than the common 
atmospheric air, and will, therefore, rise in the atmosphere until it attains 
a height at which the specific gravity of the atmosphere is no greater 
than that of the gas it contains. , 

A cubic foot of water weighs 62-425 lbs., or 999 ozs. 

A cubic fool of air taken at the level of the sea weighs -08 lbs., or 
1-28 ozs., in other words the 786th part of the weight of the same 
quantity of water. 

Thus, on the principle already explained, if water and air be placed 
together in the same vessel, the water will occupy the lower and the air 
the upper part. 

Some explanation is necessary concerning the fact that smoke rises, 
whereas it is known to be heavier than common air. 

Almost all substances, when subjected to the action of heat, undergo 
a change : some are transformed into charcoal, some into vapour, and 
others seem to disappear altogether ; but it is well known that none are 
absolutely annihilated or destroyed. 
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Smoke is merely a mixture of air with a collection of particles 
commonly known as the products of combustion, or, in other words, the 
partly consumed remains of a combustible substance which has been 
subjected to the action of fire. 

These particles are mixed through a considerable quantity of air, and, 
being hot when they are first formed, they communicate heat to the air, 
which, becoming consequently attenuated, instantly rises, on the principle 
already explained, and, forming a draught or current upwards, carries 
with it the small particles formed by imperfect combustion, in the same 
way as a river carries with it mud, sand, and salt, all of which are of 
greater specific gravity than itself 

But as the river, when it reaches the sea, or when from any cause it 
discontinues its motion, ceases to act on these substances, and almost 
instantly deposits them, so the air from the scene of a fire, after travelling 
upwards to a point at which it and the surrounding atmosphere are of 
the same specific gravity, loses its mption, and, when it does so, it allows 
the charred particles to descend, and they accordingly return to the earth 
again by their own gravitation. 

In other words, hot smoke ascends and cold smoke goes downwards, 
and on this account we invariably endeavour, when working in smoky 
places, to make an opening at the top for its exit and at the bottom for 
a supply of pure air to replace it, and at the same time, when it is 
possible, we light the gas, and keep up the heat in every available way, 
until the whole of the particles have been removed by the current thus 
formed. 

If we neglect or are unable to do this while the smoke is hot, much 
inconvenience and danger may ensue, and goods of certain kinds — such 
as silks and other wearing apparel, groceries, spices, and almost all 
articles of food, besides many other substances with which we have to 
deal — are liable to be deteriorated in value almost as much as if they were 
consumed by fire. 

It of course requires a considerable amount of discretion to determine 
the proper time for performing this important act, of replacing a substance 
in which fire cannot exist by a supporter of combustion, but it is to 
be presumed that those entrusted with the important duty of extinguish- 
ing fires understand their business sufficiently to judge of the proportion 
between the end to be attained and the means at their disposal, and will 
not admit air to increase the fury of the flames until they have first 
satisfied themselves that, either by being enabled to approach the flames, 
or in some other way, they are likely to gain an advantage by doing so. 

It is on the same principle as that here explained that the best kind 
of ventilation is accomplished, the foul air being discharged through an 
opening in the upper part of a room, notwithstanding that it is ordinarily 
of greater specific gravity than pure air, and consequently ought to 
descend. 

The substance which passes into the lungs is a mixture of nitrogen 
with oxygen, and that which is breathed out again is a mixture of 
nitrogen with a deadly poison called carbonic acid gas, which has about 
once and-a-half the specific gravity of oxygen. 

Thus it will be seen that the foul air exhaled is of greater specific 
gravity than the surrounding atmosphere firom which it is inhaled, and 
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that, consequently, if there were no disturbing cause, it should seek the 
lowest and not the highest part of the room. 

It so happens, however, that in passing through the lungs, it is raised 
in temperature by the heat of the body, and by its simple increase in 
bulk becomes momentarily of less specific gravity, and on its discharge 
from the mouth has an immediate tendency to rise. This tendency 
remains only so long as the heat is retained, and, as the foul air is every 
moment losing its heat, it would quickly descend again unless allowed 
to escape immediately after it rises. 

When, however, there is a proper opening made on top, the foul air 
rises towards and passes through it in a constant current, and is replaced 
by cooler air passing in below through such openings as are allowed for 
its admission. 

In very large rooms, in which the foul air has to rise to a great 
height, it is likely to lose its heat before reaching the point of discharge ; 
the best mode of obviating this is to add some artificial heat, such as 
that of a gas jet, to assist the upward current 

These are points which it is of special importance to all persons of our 
profession to understand thoroughly, as without a sound practical know- 
ledge of them fatal errors may constantly be committed. 

CHYMICAL ANALYSIS. 

The air consists chiefly of two kinds of gas, called respectively oxygen 
and nitrogen, the valuable part of it being the oxygen, to which the 
nitrogen appears to be added only for the purpose of weakening or 
diluting it to suit our requirements for breathing and so forth, as pure 
oxygen is too strong for animal life, and causes death if used alone. 

As far as our present knowledge extends, it seems that precisely the 
same kind of air is necessary to support respiration, or the act of breath- 
ing, and combustion, or the act of burning, or, in other words, the same 
species of air is required to feed the lungs of a man or other animal as 
that necessary for feeding a fire, and that species of air is the oxygen 
already referred to. 

The nitrogen does not in any way, except that mentioned, assist in 
respiration, and it used for this reason to be called by the ancients 
" Azote," which is derived firom two Greek words, signifying without life, 
by which they probably meant, not that it had any injurious qualities of 
its own, which it certainly has not, but simply that by itself it did not 
suffice for respiration, or the act of breathing, without which life cannot 
exist. 

In practice it is found useful for a man always to carry a lamp when 
in a dangerous place, as a well or mine, where there is likely to be either 
foul air or air without oxygen in it, and, when the lamp goes out, it is 
necessary for the man to retire. 

A curious and important circumstance in connection with this part of 
the subject is the fact that the proportion of nitrogen to oxygen is always 
as about four to one 3 that is to say, that every quart of oxygen is mixed 
up with a gallon (or four quarts) of nitrogen. This law is universal, the 
proportions being found about as one to four alike in the purest or foulest 
air, and in the healthiest or most unhealthy places, in the most stormy 
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and exposed regions, and in the bottoms of pits and badly-ventilated 
houses — ^wherever there is air, the same exact proportion is found ; and 
this is the more remarkaWe, when we consider what a quantity of oxygen 
must be what we call consumed, or in other words used, and chymically 
speaking changed. 

The extraordinary circumstance that, although this valuable substance 
is being continually used up, there is nevertheless, always, or almost 
always, a sufficient quantity forthcoming, is accounted for in the follow- 
ing way. 

The oxygen, after assisting in the act of respiration by contributing 
nourishment to the lungs, or assisting in combustion, passes off, at least 
partly, in the gas known as carbonic acid, which resembles nitrogen in 
that it does not assist respiration, but differs from nitrogen in that it is a 
much more active agent, and contains certain injurious properties. This 
carbonic acid, which in large quantities or proportions in the air would 
be dangerous, is in its turn consumed or changed by becoming the food 
of vegetables — that is to say, of everything in the nature of plants, herbs, 
trees, &c. — the vegetable world, in its turn, restores to the air pure 
oxygen, and thus the supply is kept up. In short, oxygen, when used 
for respiration or combustion, is changed into carbonic acid gas ; and 
carbonic acid gas, when used for contributing life to the vegetable world, 
becomes oxygen, the nitrogen, though always present, remaining unused 
and unchanged in either case. 

The atmosphere contains some other very trifling ingredients, but they 
vary so much, and are altogether in such exceedingly small quantities, 
that no particular mention of tiiem is necessary, 

WATER. 

All water comes, in the first instance, from the sea, which occupies 
two-thirds of the whole surface of the globe, and supplies the moisture 
necessary for vegetation and other purposes. It is raised from the sur- 
face by the heat of the sun's rays, ascends into the air in the form of 
vapour, and is carried along by the wind in clouds, until, by meeting a 
mountain top or any high land, or from some other cause — probably, in 
some cases, merely attraction to the earth — the vapour becomes chilled, 
when it condenses and falls in dew, mist, rain, hail, sleet, or snow, which 
in course of time finds its way back to the sea in streams or springs, and 
so keeps up a constant circulation. 

There is a system of currents, or constant horizontal circulation, going 
on in the sea itself; whether caused by heat on the surface, or by the 
rotation of the earth, it is no part of the present subject to consider ; but 
there does not, at first sight, appear to be any vertical circulation, such 
as that caused by ordinary ebullition or boiling, when the heat is applied 
from below, and bubbles of steam formed at or near the bottom rise ii^ 
consequence of their lightness to the top, and are replaced by the colder 
water from above. 

On examination, however, it becomes plain that there is a most com- 
plete and perfect provision for this kind of circulation, or interchange of 
levels, caused by the salt which is in the sea. 

This salt is of greater specific gravity than water, and when heat is 
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applied, although contrary to the ordinary custom, above, instead of 
underneath, a portion of water becomes vapourized, but leaves behind 
the salt with which it was impregnated. The salt, therefore, becomes 
mixed with the remaining water, and overcharges it, thus making it con- 
siderably heavier than before, and consequentiy causing it to move 
downwards by gravitation. 

If the salt were of less specific gravity than the water, the effect would 
be that in calm weather a crust of saJt would, in course of time, be 
formed on the top, and there would remain no water exposed to the 
vapourizing power of the sun's heat; and, if there were no salt or similar 
substance mixed through the water, no vertical circulation would take 
place. 

In the first of these supposed cases the supply of water in streams and 
rivers would either cease, or at least be seriously diminished, and in the 
second the vapour would rise firom a source which, even in ordinary 
weather, would be liable to every kind of pollution or contamination, 
and at times would probably be putrid and certainly unwholesome. 

All this, however, is obviated by the provision before mentioned, and, 
consequently, a complete circulation is kept up in all directions, and a 
fresh supply of salt is continually brought down by rivers, and takes the 
place of that which becomes exhausted. 

In general, water acts on a fire with an energy almost in direct pro- 
portion to its impurity, but there are exceptions to this rule. For in- 
stance, newly-fallen rain, unless it has passed through a foul atmosphere, 
or been subjected to other exceptional influences, is perhaps the purest of 
all natural water. It contains in it very little atmospheric air, and, conse- 
quently, is disagreeable and flat to the taste, but the absence of this in- 
gredient makes it very well suited for our purposes. 

Dew water differs very little fi*om rain, but contains in any given 
volume more atmospheric air. 

Ice water and snow water, when first thawed, contain no atmospheric 
air at all, and cannot support life in fishes; they are exceedingly well 
adapted for our work. 

All water, however, in time absorbs air, and consequently there is no 
difference in this respect between any of the different kinds a few days 
after they have been exposed to the influence of the atmosphere. 

Sea water, strongly impregnated with salt, is more effective than almost 
any other kind for extinguishing fire. 

The water which falls on any part of the earth's surface has an imme- 
diate tendency to seek the lowest spot available for its reception. This 
is the quality known as gravitation, and, according to circumstances, it 
tends to the formation of rivers, lakes, marshes, springs, and wells, all 
of which are subject, equally with the sea, to evaporation by the effects 
of heat. 

I A river is merely a quantity of water running in a groove or cleft of 
the earth. It is supplied by rain falling on a high level, commonly 
known as a watershed, inclined on one or more sides towards the cleft, 
and during the whole of its downward progress to the sea it is subject to 
diminution from evaporation. It might be supposed that it is also dimi- 
nished in quantity by being used for drinking, manufacturing, and moist- 
ening the earth, and there may be some semblance of correctness in such 
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a supposition; but it is known to those practically conversant with the 
subject, that as a general rule the whole quantity used for domestic, 
agricultural, and other purposes, is returned again almost, if not alto- 
gether, in full, into the same channel, so that for all ordinary practical 
purposes a river may be considered to consist of the excess of the rain- 
fall on a certain district, over the evaporation from the same district, and 
from the surface of the stream, some allowance being made for the ab- 
sorption by the soil. 

River water is of various degrees of purity or impurity, according to 
the nature of the ground from which it is collected and over which it 
runs. Filtration removes from it mud and other mechanical or solid 
substances ; boiling also separates or precipitates solid impurities, but 
sometimes does not succeed in effecting even this. There are, however, 
occasionally in water other foreign substances, which are held in solution, 
and which it is most difficult, and in many cases wholly impossible, to 
remove. 

The mechanical impurity of w»ter is called hardness, and is usually 
reckoned by the number of grains in a gallon. 

Thus, when there are lo grains of salts, or other foreign matter, in a 
gallon, the water is said to be of lo degrees of hardness or impurity. 

There is no recognised measure or definition for the degree of chy- 
mical impurity which, in certain cases — as, for instance, in that of peat 
water — appears to defy all attempts hitherto made either in the way of 
analysis or removal. 

A lake is formed in precisely the same way as a river, but the water, 
getting into a basin or hollow of the earth's surface, which has no outlet, 
or an outlet above its lowest level, accumulates, until it is relieved, either 
by simple evaporation — in which case the water is almost stagnant — or 
by an overflow into some level below that of its surface. 

Lake water is almost the same as river water, except when the lake 
has too small an outlet, in which case it is harder; or when the lake has 
DO outlet at all, in which case it becomes salt, like that of the sea. 

A marsh is formed either in the same way as a river or lake, or by the 
direct rainfall on its surface, and usually consists of water mixed through 
a soft or spongy soil in a quantity sufficient to moisten' it in a greater or 
less degree, according to circumstances, but not to overflow it or run 
freely off". It is therefore commonly a stagnant basin of mingled water 
and vegetation, and the liquid portion of it consists of the whole rainfall 
of the watershed, with the exception of that portion which is removed by 
evaporation. 

The organic substances, such as animal and vegetable matter, are 
usually more or less in a state of decomposition, and make the water 
disagreeable to the taste and smell, but, so far as can be ascertained, 
they have no important effect on it with regard to our business. 

A spring is formed by water running from some higher level in an 
enclosed cleft or channel, and cropping out at some spot below the level 
of its original source. 

All spring water contains a certain quantity of salts or other im- 
purities. 

A well is a hollow in the earth, into which water runs from either a 
surface stream or an underground spring. 

C 2 
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The water furnished for the use of towns is procured from one or more 
of these sources, and sometimes from them all; but the supply obtainable 
is generally in indirect proportion to the requirements, being least in 
summer, when most is wanted, and greatest in winter, when comparatively 
less is needed ; it is moreover at any given period delivered, to a certain 
extent, in somewhat regular quantities throughout the whole 24 hours 
of a day, whereas the daily requirements of an ordinary town are only 
spread over a period varying from 10 to 14 hours. 

STORAGE. 

For these reasons it is customary to impound the water in a reservoir, 
varying in capacity according to the demands of the place, but generally 
intended to be of sufficient size to meet all the ordinary and most of the 
extraordinary emergencies — such as heavy demands for domestic, manu- 
facturing, and other piurposes, long continued periods of drought, large 
fires, and other exceptional casualties. 

A reservoir of this kind is supplied either by a pump, which drives 
water up into it from a lower level, or by a stream or lake on a higher 
level, from which water runs into it by gravitation. 

The water sent up by a pump must always travel in an enclosed pipe, 
but the water from a stream or lake on a higher level, may, in some in- 
stances, come in an open stream, thus saving considerable expense. 

In every case, however, of a supply coming from a higher level, if any 
portion of the intervening ground be lower than the inlet of the reservoir, 
it is necessary either to bridge over that part with an aqueduct, or to 
convey the water in an enclosed pipe, which may, if desired, be allowed 
to follow the undulations of the ground, provided that no part be above 
the level either of the original source or of any open part of the inter- 
vening conduit or channel. 

DISTRIBUTION. 

From the reservoir, the water is distributed throughout the town or 
district by means of a series of pipes, which we term respectively mains, 
services, and supply-pipes. 

The mains, or main-pipes, are the principal pipes which convey the 
water directly from the reservoir into the most central and important 
parts; the services, or service-pipes, are those which convey the water 
from the mains into the districts adjoining; and the supply-pipes are 
those which convey the water from the services into the houses. 

A main-pipe, as a general rule, has no sluice-cocks, stop-cocks, or 
valves for shutting off the water, except such as are necessary for 
occasional use in case of repairs or other emergencies. In ordinary 
language, therefore, a main is understood to be a pipe always full of water 
imder the fiiU pressure of the source from which it is supplied. 

A service-pipe usually passes through the streets of a block of buildings 
or other small district. It is attached directly to the main, but in the 
pipe which connects it, and close to the point of junction, there is a sluice, 
or stop-cock, by which the flow of water can be regulated, and if necessary 
stopped altogether. 
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A supply-pipe is a small pipe, generally of lead, connected directly 
with the service or the mains, and leading into the cistern of a house. 
It has, at its junction with the large pipe, no sluice-cock or other 
regulating apparatus, and is consequently, on almost all occasions, in 
about the same condition as the service-pipe. It has, however, generally 
at its upper end a cock, to which is attached a lever, with a hollow ball 
which floats on the water. This ball regulates the flow of the water into 
the cistern, allowing it to run freely while that in the cistern is low, but, 
when the latter rises, rising with it and shutting off the cock. 

Such are the three kinds of pipe in ordinary use for conveying water 
from a reservoir to the houses of a town or district, and their arrange- 
ment, so far as it has been yet explained, would seem to be reasonably 
calculated to produce the desired result ; but, unfortunately, few towns 
are constructed on any uniform plan or system which would ensure any- 
thing like similar advantages to their several parts, or which would render 
it easy to make provision for the supply of even an article of such 
universal and paramount necessity as water. 

The consequence of this want of system is, that when a new district is 
created, there is usually but a choice between two courses in the matter 
now under consideration. The one is to run a new main from the 
reservoir through the district, and to connect with this main a sufficient 
number of service-pipes. The other is to attach a service-pipe to another 
service-pipe previously laid down. 

The first cost of the former method may be heavy, and that of the 
latter comparatively trifling, and when such is the case, a saving of out- 
lay in the first instance is almost invariably mistaken for true economy. 
Thus, in new districts, services are added on to services, and frequently, in 
direct opposition to all reasonable theory and sound practice, large pipes 
are added on to small, until, as time rolls on, neither the inhabitants of 
the houses, the mimicipal authorities, or even the officials of the water- 
works, have any idea at all, however remote, as to the real state of the 
supply in any particular spot at any given time, and when an emergency 
occurs, the number and variety of measures to be adopted, every one of 
which may be of vital importance, tend to a confusion and liability to 
error, which at such a time may be attended with most disastrous con- 
sequences. 

DURATION OF SUPPLY. 

When the sluice-cocks are all kept open in the mains and services, 
the reservoir is continually supplying every cistern and tap connected 
with it, and consequently the latter, notwithstanding the numerous and 
sometimes heavy demands made on them, are always either full or 
partly full. 

This is what is known as constant supply, and, where it prevails, the 
pipes may usually be assumed to be under the full pressiure due to the 
height of the reservoir. 

In many towns, however — ^whether from ignorance, sound economy, 
or mistaken parsimony, it is no part of the present subject to decide — 
the supply is not constant ; that is to say, the sluice-cocks on the service- 
pipes are usually kept shut, and are opened only for one or two hours 
in every 24, or for such other period as those in charge consider neces- 
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sary, with reference either to the capabilities of the supply, or the 
requirements of the locality, or, in the case of private companies sup- 
plying the water, as is frequently the case, with special reference to the 
time which they are paid for keeping it on. 

The quantity required for each house, factory, or other place, being 
generally within certain limits about the same from day to day, it follows, 
as a matter of coiurse, that the size of the supply-pipe and cock should 
be in indirect proportion to the duration of the supply. Thus, if the 
supply be constant, a pipe of any given size, running freely for 24 hours, 
may provide a sufficient quantity for the requirements during 1 2 hours, 
or such other period as may be allotted to the work ; but if the water 
be allowed to run for only 12 hours, or half the time, it will require a 
pipe of twice the area to fill the cistern. The same rule holds good for 
any other period of time, so that, if the water be on for only one hour 
out of the 24, it would be necessary to have a pipe of 24 times the area 
or discharging capacity to accomplish the same result. 

This is only one, and perhaps the least, of all the evils of an inter- 
mittent supply. 

Another consequence of the intermittent system, and one much more 
serious when considered from our point of view, is the emptying or 
partial emptying of the cisterns at certain times, the effect of which is, 
that when water is suddenly allowed to run into the service-pipe from 
the main, instead of at once giving a full supply to the stand-pipes, 
hydrants, or fire-plugs on the ground level, it furnishes to these at first 
only a diminished quantity ; the remainder passes on to fill the cisterns, 
and, until the last cistern has been filled to such a height that the ball 
has been floated up so as to close the cock, the full quantity is not 
delivered on the ground level. 

As an example of one of the most prominent evils of the intermittent 
system, suppose a service-pipe to lead round a district or block of 200 
buildings, each with a cistern capable of containing a supply of 250 
gallons. Such a district would probably have the water turned on once 
in every twenty-four hours, and left running about one hour. In the 
ordinary course, it may be assumed that each cistern is only large enough 
to contain a sufficient supply for the house during the time when the 
water is turned off. 

Now, supposing that the regular time for turning on the water were 10 
o'clock in the morning, and a fire should happen at 9, let us see what 
the consequence would be. A turncock would immediately proceed to 
the sluice-cock and charge the service; a plug would be drawn or a 
hydrant opened on the ground level, and water would be seen to issue 
from it immediately, but instead of flowing as abundantly as might be 
expected, judging from the height of the reservoir and the size of the 
pipes, it would come with diminished pressure and velocity, and in 
reduced quantity, owing to a large portion finding its way into the 200 
empty cisterns ; for it must be remembered that water will rise to a great 
height in a pipe even when there is an opening on a low level, unless the 
opening be of considerable size in proportion to the area of the pipe. 

Thus, in ordinary practice, in such a case as that assumed, the plug or 
hydrant, though commencing to discharge water immediately on being 
opened, would not deliver its full quantity until after it had first filled the 
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whole of the 200 cisterns on various levels up to the points at which 
their respective ball-cocks would shut off the supply — ^in other words, the 
pipe would not yield a full and proper discharge through the plug or 
hydrant until it had first allowed some 50,000 gallons to escape into the 
cisterns. 

It may be said, and, perhaps, with some approach to correctness, 
that so extreme a case as that here represented as an example does not 
often occur, at least to the fiill extent in all particulars ; but it cannot be 
denied that it does occasionally happen, and it is an absolute certainty 
that, wherever there is an intermittent water supply, the risk occurs 
periodically, whether once or twice in each day, or at such other times 
as the local management arranges. 

Much is done to obviate the consequences of this tremendous danger. 
The service-pipes- are short and numerous, so that each one supplies 
only a small number of houses ; they are made large in proportion to 
the size of the openings or hydrants ; they are fitted with large sluice- 
cocks, the positions of which are marked by placards or signs in con- 
spicuous places on the walls of houses opposite ; skilled turncocks are 
provided) who, at the first alarm of fire, proceed at once to the spot 
indicated, open certain sluice-cocksy shut others, and take all such steps 
as in their judgment seems necessary ; engines, with experienced men, 
are provided ta pump up tbe water delivered on the ground levels, and 
thus supplement or supply over again a power which, almost invariably, 
is already supplied by the height of the reservoir, though not in an avail- 
able form. 

These, and other numerous devices, have been adopted for the purpose 
of reducing the dangers consequent on an intermittent supply; and 
many, if not all, have been attended with as much success as might be 
expected from any measures which deal with consequences only, and 
leave the cause imtouched. But while full credit is given for all the 
efforts made to obviate the dangers, there still remains the fact that 
there are dangers to be obviated. In short, an intermittent supply in- 
volves dangers which, with great watchfulness, considerable expense^ 
and unvarying good luck, may be to some extent reduced, but the 
system, as a system, is fatal to success in dealing with fires. 

FIRE-PLUGS, HYDRANTS, &c. 

The next point for consideration is the mode of obtaining access to 
the iwater. 

The pipes are placed underground, and, in order to be safe from the 
effects of frost, ought to be at least four feet below the surface. 

Those with which we have to deal in London are mounted at irregular 
distances, varying from 40 or 50 feet to 500 feet, or in some instances 
1000 feet apart, with what are known as fire-plugs. 

These fire-plugs consist, as their name expresses, of plugs or conical 
pieces of wood, which, when in use, are stuck into corresponding hollow 
iron sockets, cast on and forming part of the pipes, and these sockets 
communicate directly with the waterway inside. 

The socket is generally some two feet or so below the groimd level, 
and the water is kept in simply by the conical plug being hammered 
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t^hdy into the tapered opening, but without any 

other fastening whatever. The top of the wooden 

plug stands below the street level, and is protected 

from injury above by a small iron plate or paving 

box, »4uch, either partially or completely, covers 

the hole leading to the socket The plug is also 

supposed to receive additional steadbess in its 

position and protection from frost by the hole 

being stuffed all round the head, and up to the 

street level, with horse litter or some such material, T 

asstimed to be a non-conductor ; but, unfortunately 

for this theory, it occasionally happens that not only the pipe and plug 

become frozen together into a compact and rigid mass, but- even, under 

certain circumstances — as when some water or damp has obtained access 

into the hole — the filthy stuffing itself becomes congealed into a solid 

block of ice, with something like the cMisistency of flint, which, placed 

as it is underground, can turn the point or end of any crowbar, and can 

frequently withstand all efforts made to break through it, until after the 

time has passed at which any advantage could be derived from obtaming 

access to the water 

In order to draw a plug, it is necessary for the turncock, as a general 
rule, first to pick out the stuffing, and after this to msert an end of one 
of the tools, and to pinch the head of the plug to either side, until the 
lower end or conical part becomes loose m the socket 

Then, if the pipe be charged under pressure, the wooden plug will fly 
out ; but if the pipe be not charged, it 
is necessary to stick the pomted end of 
the tool known as the spoon into the 
top of the head, and by this means draw 
the plug within reach of the hand, and 
so remove it, after which the sluice-cock 
is opened to admit the water from the 
main. 

For our ordinary purposes, it is usu il 
to place over the plug hole a can\ a 
cistern or dam, with a hole in the butt m 
of about the same size as the street 
opening, to allow the water to run in 
and fill the dam, and then to pump it 
into an engine and out again, through 
hose, to wherever it is wanted. ^- 

When the water is used with the pres ^^^^ '— -^ 

sure of the main only, a stand pipe is inserted, the lower end or shoe piece 
fitting into the socket, and being secured by wedges driven in round it 
at the ground level or paving box; a hose is attached to the stand-pipe, 
and the water is forced through it by the pressure due to the height of 
the reservoir or source. 

For the reasons already assigned, it is usually unsafe to trust to 
the pressure of the pipes in London during the early stages of a fire, 
and the custom is to let such water as is dehvered on the ground 
level run into a dam, front which a pump can be supplied ; uid^ after 
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a fire has been in some degree subdued, then to 
remove the dam and to insert a stand-pipe for 
cooling the ruins. 

Cases occur when it is almost certain that the pipe 
is under sufficient pressure to do the required work, 
and when, nevertheless, a Fireman will, without a 
momenf s hesitation or delay, allow the water to run 
into his dam, and pump it out again with such means 
as he has at his command, rather than risk the 
responsibility of adopting a course which might lead 
to consequences of a most disastrous character. 

It may be that engines are sometimes set to work 
when the pressure of the pipes is quite sufficient 
without them ; but I have always sedulously avoided 
giving any orders whatever on the subject, as I con- 
sider it a matter specially for the judgment and dis- 
cretion of the senior present at the moment to decide 
what course he should adopt. 

GENERAL PRINCIPLES. 

Water, like every other substance, is composed of a number of small 
particles, and, as already explained, these particles change their positions 
relatively to each other with the greatest possible ease, so that the whole 
readily takes any shape that may be required. 

In this It differs considerably from solids, the particles of which do 
not readily change their relative positions ; but there is another point in 
which it differs still more from solids, and that is the power of cohesion. 
The power of cohesion is that force by which the particles composing 
a body are held together and kept in their places. It varies in degree 
to a very large extent in different substances, but it nevertheless exists 
absolutely in all solids of whatever kind. 

Now, in water, and all other liquids, the strength of the cohesion is so 
small, that very grave doubts exist as to whether there is any at alL In 
fact, the only proof that can be found of the presence of this power is 
the fact previously mentioned, that liquids, when scattered, form into drops. 
Any Uquid, when placed in a vessel or other enclosed space, has a 
tendency to arrange itself in such a way that all the particles composing 
its surface are at the same distance from the cenne of the earth. ■ This 
is what is commonly spoken of as the tendency of liquids to find their 
own level, and the law which governs it is one of considerable importance 
and universal application. 

Thus, if two cisterns, at any distance apart, but on the same level, be 
connected together by an enclosed pipe, any liquid poured into one will 
find its way into the other, provided that the 
connecting pipe does not rise too high, and 
when the supply is cut off, the surface will be 
found at the same level in both. This effect 
takes place even when the cisterns or vessels 
are of altogether different sizes, as, for instance, 
when one has an area of only a square inch, 
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and the other an area of a square mile. Again, if water be placed in a 
pipe, or a set of pipes, connected throughout, and a set of rismg or 




vertical pipes be led out of these, the water will be found at the same 
level in all the vertical pipes. 

The pressure of water at any spot is exactly in accordance with the 
height of the surface above that level, whether such height can be mea- 
sured vertically or not. 

A cubic inch of water weighs •036,125 lb., and, if placed in a vessel 
with an area of i square inch, presses on the bottom of that vessel with 
a force equivalent to its weight. If a second cubic inch be added in. 
the same vessel, the pressure is doubled; if a third be added the pressure 
is trebled, and so on for any other number. Thus it will be found that 
for each foot added the pressure is increased by '434 lb., and that in such 
a vessel as that here described the pressure on the 
bottom is in fact exactly equal to the weight of the 
water. 

In addition, however, to the weight of the column 
on the base of the vessel, there is another force brought 
into operation by the tendency of liquid to spread side- 
ways, and this force is always found at any particular 
depth to coincide exactly with that of the downward 
pressure. The effect of this is that, in such a vessel as 
that described, there is a pressure greatly in excess of 
the actual weight of the water. 

Again, if the vessel be filled up and the top be 
closed in, a jet of water introduced under any given 
pressure will communicate that pressure to the whole 
of the interior. 

This is a most important law of liquids, and is 
that made use of for the hydraulic press, in which a 
very small jet, easily worked by one man, is made 
to accumulate any required pressure upon a large sur- 
face. 

The pressure in an open vessel depends solely on the 
depth or difference of level, and, as before explained, 
this depth is calculated not alone vertically, but in any 
other way which will show the true difference of level 
between the surface of the vessel or reservoir and the 
point at which the pressure is to be taken. 

Thus, if there be vessels of an infinite number of different shapes and 
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capacities, all sunding together on a table, and all filled with water to 




the same level the pressure on each square inch or any other given 
superficial space will be the same for each at the same height. 

Again, if there be a thousand vessels standing together on the same 
level, each wilh an area of say one square inch at the lowest point, but 
all of different capacities— some narrowing to an almost imperceptible 
area on top, and others spreading to any imaginable size, say many 




square miles — and they be all filled with water to the same height, the 
pressure will be found precisely alike on the bottoms of ail, notwith- 
standing that some may contain only a few ounces of water, and others 
thousands of tons, the pressure of water, not covered in on the top, 
on the spot of any given space being due only to the difference of 
level between that spot and the surface, and not to any other cause 
whatever. 

The total pressure of water on an open vessel of any regular shape, such 
as a cylinder or other vessel with paxallel sides, is ascertained by multi- 
plying that found at half the depth, which is the mean, by the area of 
that portion of the sides touched by the water, and adding to this that 
found at the bottom multiplied by the area of the base. 

Thus, if a vessel of 6 inches square be filled with water to a height of 
100 feet, there would be a pressure of 43"3S lbs. on each square inch of 
the bottom, and a mean pressure of half that, or 217, on each square 
inch of the sides, the pressure at half the depth being in any regular- 
sided vessel equal to the mean of the pressures at all the several 
depths. 

A 6-inch square has an area of 36 inches, and this multiplied by the 
pressure, 43"35 lbs., comes to 1,560 lbs. 

The quantity of water contained in the vessel is 36 X 1,200 = 43,200 
cubic inches ; which, multiplied by the weight of a cubic inch, 
■0361,256 lbs., comes to 1,560 lbs. 

Thus, it will be seen that there is on the bottom of the vessel a pressure 
exactly equal to the whole weight of the water, in thei same way as if a 
solid substance of this weight were resting on the same space. 

This, however, is by no means the whole pressure sustained by the 
vessel, as there is on the four sides combined an area of 28,800 
square inches j and on the principle already explained the average or 
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^^ mean pressure on each square inch is 217 lbs., 

? making altogether on the sides only, without the 

^ base, a pressure of 624,960 lbs. 

^ Thus, while the total weight of the water is only 

1,560 lbs., the pressure exerted by it under the 

circumstances here indicated would be 1,560-1- 

624,960 = 626,520 lbs., or upwards of 400 times 

the actual weight. 

Again, if an enclosed vessel, of any capacity, say 
6 feet cubic, be simply filled with water, the quan- 
tity contained would be 216 cubic feet; its weight 
would be 13,483 lbs. ; its pressure on the bottom 
would be the area of the base in square inches 
multiplied by the pressure due to a 6-foot column 
of water, that is to say, 5,184 x 2*601 = 13,483 lbs. ; 
its pressure on the sides would be the area of the 
four sides combined multiplied by the mean pres- 
sure on each square inch, that is to say, 20,736 x 
1-3005 = 26,967 lbs., and there would be no pres- 
sure on the top. Thus, there would be a total 
pressure of 13,483 -h 26,966 = 40,449 lbs. 

If, when the vessel is under these conditions, a 
pipe be introduced, of any size, however minute, 
say with an area equal to i of a square inch, and 
of indefinite length, and water be poured into this 
pipe until its surface stands at any given height, 
say 100 feet above the level of the base of the 
vessel, the pressure due to that height is con- 
veyed to the base of the vessel, and a cor- 
responding portion to the sides and top. 

Thus it will be found that while the quantity 
added, namely 1,200 x '25 = 300 cubic inches, 
weighs only 10*84, or under 11 lbs., a pressure 
has been produced equal to the area of the four 
sides, the bottom and the top, multiplied by the 
pressure of the column, — ^in other words, 7,776 
X 43*35 = 337,090 lbs. 



SUMMARY OF THE FOREGOING. 

A quantity of water weighing under three- 
fourths of a ton, exerts, under certain circum- 
stances, a pressure of about 370 tons. 

A quantity of water weighing a little over 6 
tons, and exerting a pressure of about 18 tons, 
can, by the addition of about 1 1 lbs. weight, in a 
certain manner be made to exert a pressure of 
upwards of 150 tons. 
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The two following tables give particulars concerning heads and pres- 



sures : — 
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66 


152-25 




267-59 


166 


382-92 




39 '^a 


67 


154-55 


"7 


Z69-S9 


167 


3S5-23 




41 Si 


68 


,56-§6 


118 


272-20 


168 


387-54 
389-84 




43 '83 


69 


15917 


119 


274-51 


169 




46-14 


70 


161-47 




276-81 


170 


392-15 




4S-44 




163-78 




279-12 


171 


394-46 




50-75 




166-09 




281-43 


172 


396-76 


23 


S3 '06 


73 


168-39 


123 


283-73 


173 


399-07 


24 


55 '36 




170-70 


124 


286-04 


174 


401-38 


25 


5767 


75 


173-00 


125 




"75 


403-68 


26 


59-98 


76 


175-31 


126 


290-65 


176 


405-99 
408-30 


a 


62-28 


M 


177-62 


127 


292-96 


177 


64-59 


'm 


I2S 


295-27 


178 


410-60 


ag 


6690 


^ 


129 


299-S& 


179 


412-91 


30 


69-^ 


184-54 


'30 


iSo 


415-22 


3' 


71-51 


81 


1S6-S5 


131 


302-19 


iSi 


4'7-53 
419-83 


32 


73-82 




189-15 


132 


304-49 


1S2 


33 


76 '.a 


S3 


191-46 


133 


306-so 


'S3 


422-14 


34 


78-43 


84 


193-77 


134 


309-11 


184 


424-45 


35 


8074 


85 


196-07 


"35 


311*41 


.85 


426-75 


36 


83-04 


86 


198-38 


136 


313-72 


1S6 


429-06 


37 


85-35 




200-69 


'37 


316-03 


187 


431-37 


38 


8766 




20300 


'38 


318-33 


18S 


43 J -67 
435-98 


39 


89-96 


89 


205-30 


139 


32064 


189 


40 


92-27 


90 


207-61 


140 


322-95 


190 


438-29 


41 


??:i 


9" 


209-92 


141 


325-25 


191 


440-59 


42 


92 




142 


327-56 


192 


442-90 


43 


99-19 


93 


^:j:ii 


143 


329-87 


193 


445-21 




'Zt 


94 


144 


332-17 


194 


447-5' 
449-82 


45 


95 


2i9;i4 


145 


334-48 


'95 


46 


lOfill 


96 




146 


33^' -79 


196 


452-'3 


47 




% 


Si-i 


147 


339-09 


?^ 


454-43 


48 






14S 


341-40 


456-74 


49 


"'3-03 


99 


228-37 


149 


343-7' 


199 


459-05 


_5° . 


11534 




230-68 


150 


346-02 




461-35 





H»,. 


in'SS 


H«d. 


pamofslb. 




In Inches. 


pans of a lb. 


InFnt. 


In Tnchn. 


•2 

•4 


■92 

IIS 


.■,6 

ill 
II-04 
.3E0 


■6 

I 

■9 


;3 


19-32 
24-96 
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Table shnving Vu pressure of water ^ under various heads. 



Height 


Pressure 


Height 


Pressure 


Height 


Pressure 


Height 


Pressure 


in feet 


in lbs. 


in feet 


in lbs. 


in feet. 


in lbs. 


in feet 


in lbs. 


I 


0-43 


51 


22*11 


lOI 


43*78 


151 


65*46 


2 


0-87 


52 


22*54 


102 


44*22 


152 


6589 


3 


I 30 


53 


22*98 


103 


44-65 


153 


66*33 


4 


1*73 


54 


23-41 


104 


45*08 


154 


66*76 


5 


2*17 


55 


23*84 


105 


45*52 


'55 


67-19 


6 


2 '60 


56 


24*28 


106 


45*95 


156 


67*63 


7 


3*03 


57 


24*71 


107 


46-39 


'57 


6806 


8 


3*47 


58 


25*14 


108 


46*82 


158 


68*49 


9 


390 


59 


25*58 


109 


47*25 


159 


68*93 


10 


4*34 


60 


26*01 


1 10 


47*69 


160 


69*36 


II 


4*77 


61 


26*44 


III 


4812 


161 


69*79 


12 


5*20 


62 


26*88 


112 


48-55 


162 


70-23 


13 


5-64 


63 


27*31 


"3 


48-99 


163 


70*66 


14 


6*07 


64 


27*74 


114 


49-42 


164 


71*10 


15 


6-50 


65 


28*18 


"5 


4985 


165 


71*53 


16 


6*94 


66 


28*61 


116 


50*29 


166 


71*96 


17 


7*37 


67 


29*04 


"7 


50*72 


167 


72*40 


18 


7-80 


68 


29*48 


118 


51*15 


168 


72-83 


19 


824 


69 


29*91 


119 


51*59 


169 


73*26 


20 


8-67 


70 


30*35 


120 


52*02 


170 


73*70 


21 


9*io 


71 


30*78 


121 


52-45 


171 


74*13 


22 


9*54 


72 


31*21 


122 


52*89 


172 


74*56 


23 


9*97 


73 


31*65 


123 


53*32 


173 


75*00 


24 


10*40 


74 


32*08 


124 


53*75 


174 


75*43 


25 


10*84 


75 


32*51 


125 


54*19 


175 


75-86 


26 


11*27 


76 


32*95 


126 


54*62 


176 


76*30 


27 


11*70 


77 


33*38 


127 


55*06 


177 


76-73 


28 


12*14 


78 


33 -8 1 


128 


55*49 


178 


77*16 


29 


12*57 


79 


34*25 


129 


55*92 


179 


77*60 


30 


13-01 


80 


34*68 


130 


56-36 


180 


78*03 


31 


13*44 


81 


35*11 


131 


56-79 


181 


78*46 


32 


13*87 


82 


35*55 


132 


57*22 


182 


78*90 


33 


14*31 


83 


35*98 


133 


57*66 


183 


79*33 


34 


14*74 


84 


36-41 


134 


5809 


184 


79*77 


35 


15*17 


85 


36-85 


135 


58*52 


'?5 


80*20 


36 


15*61 


86 


37*28 


136 


58-96 


186 


80*63 


37 


16*04 


87 


37*72 


137 


59*39 


187 


81*07 


38 


16*47 


88 


38-15 


138 


59*82 


188 


81*50 


39 


16*91 


89 


38-58 


139 


60*26 


189 


81*93 


40 


17*34 


90 


39-02 


140 


60*69 


190 


^^'V 


41 


17*77 


91 


39*45 


141 


6l*I2 


191 


82*80 


42 


18*21 


92 


39*88 


142 


61*56 


192 


83-23 


43 


18-64 


93 


40-32 


143 


61-99 


193 


83*67 


44 


19*07 


94 


40-75 


144 


62*43 


194 


84*10 


45 


19*51 


95 


41*18 


145 


62*86 


195 


84*53 


46 


19*94 


96 


41*62 


146 


6329 


196 


84*97 


47 


20*37 


97 


42*05 


147 


63*73 


197 


!5'40 


48 


20 -8 1 


98 


42*48 


148 


64*16 


198 


^l'^3 


49 


21*24 


99 


4292 


149 


64*59 


199 


86*27 


50 


21*68 


100 


43*35 


150 


65*03 


200 


86*70 
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Table s/wwing the pressure of water ^ under various heads, — Continued. 



Height 


Pressure 


Height 


Pressure 


Height 


PrcMHro 


Height 


Pressure 


in feet. 


in lbs. 


in feet. 


in lbs. 


in feet 


in Iba. 


infect. 


in lbs. 


20I 


87*13 


251 


108-81 


301 


130-49 


351 


152-16 


202 


87*57 


252 


109-24 


302 


130-92 


352 


152-59 


203 


8800 


253 


109-68 


303 


131*35 


353 


153*03 


• 204 


88-44 


254 


iio-ii 


304 


131*79 


354 


153*46 


205 


88-87 


255 


110-54 


305 


132-22 


355 


153*90 


206 


89*30 


256 


110-98 


306 


132-65 


356 


154*33 


207 


89*74 


257 


1 1 1 -41 


307 


133*09 


357 


154*76 


208 


90-17 


258 


III-84 


308 


133*52 


358 


155-20 


209 


90-60 


259 


112-28 


309 


133*95 


359 


155*63 


210 


91-04 


260 


II2-7I 


310 


134*39 


360 


156-06 


211 


91*47 


261 


113*15 


3" 


134-82 


361 


156-50 


212 


91-90 


262 


113*58 


312 


135*25 


362 


156-93 


213 


92-34 


263 


II40I 


313 


135*69 


363 


157*36 


214 


92-77 


264 


114*45 


314 


136*12 


364 


157-80 


215 


93*20 


265 


114-88 


3^5 


136-55 


3^1 


158-23 


216 


93*64 


266 


"5*31 


316 


136-99 


366 


158-66 


217 


94-07 


267 


"5*75 


317 


137-42 


367 


159-10 


218 


94*50 


268 


116-18 


318 


137-86 


368 


159*53 


219 


94*94 


269 


116-61 


319 


138-29 


369 


159-96 


220 


95*37 


270 


117-05 


320 


138-72 


370 


160*40 


221 


95 '81 


271 


117-48 


321 


139-16 


371 


160*83 


222 


96-24 


272 


117*91 


322 


139-59 


372 


161 '26 


223 


9667 


273 


"!"35 


323 


140-02 


373 


161*70 


224 


97*11 


274 


118-78 


324 


140-46 


374 


162-13 


225 


97*54 


275 


119-21 


325 


140-89 


375 


162*57 


226 


97*97 


276 


119-65 


326 


141 -32 


376 


163*00 


227 


98-41 


277 


12008 


327 


141 -76 


377 


163-43 


228 


98-84 


278 


120-52 


328 


142*19 


378 


163*87 


229 


99-27 


279 


120-95 


329 


142*62 


379 


164*30 


230 


99-71 


280 


121*38 


330 


143*06 


380 


164-73 


231 


100-14 


281 


121*82 


331 


143*49 


3?' 


165*17 


232 


100-57 


282 


122*25 


332 


143*92 


382 


165*60 


233 


lOI'OO 


283 


122*68 


333 


144*36 
144*80 


383 


166*03 


234 


101-44 


284 


123-12 


334 


384 


i66*47 


235 


loi 87 


285 


123*55 


335 


145*23 


3f5 


166-90 


236 


102-31 


286 


123-98 


336 


145*66 


386 


167-33 


237 


102-74 


287 


124-42 


337 


146-09 


3f7 


16777 


238 


103-17 


288 


124-85 


338 


146-53 


388 


168-20 


239 


103-61 


289 


125-28 


339 


146*96 


389 


168-63 


Tfisp 


104*04 


290 


125-72 


340 


147*39 


390 


169-07 


241 


104-48 


291 


126-19 


341 


147*83 


391 


169*50 


242 


104-91 


292 


126-58 


342 


148*26 


392 


169*93 


243 


105 34 


293 


127-02 


343 


148*69 


393 


170-37 


244 


105 -78 


294 


127-45 


344 


149*13 


394 


170*80 


245 


106-21 


295 


127*88 


345 


149-56 


395 


171*24 


246 


106-64 


296 


128*32 


346 


149-99 


396 


171-67 


247 


107-08 


297 


128*75 


3^2 


150-43 


397 


172-10 


248 


107-51 


298 


129-19 


348 


150-86 


398 


172-54 


249 


107-94 


299 


129-62 


349 


151*29 


399 


172-97 


250 


108-38 


300 


130-05 


350 


151*73 


400 


173*40 



Height 
in inches. 

I 

2 

3 

4 

5 
6 



Presstire. 
Lbs. avoirdupois. 

^04 
•07 

•II 

•H 
•18 

*22 



Height 
in inches. 

7 
8 

9 
10 

II 

12 



Pressure. 
Lbs. avoirdupois. 

^25 
•29 

•33 
•36 

•40 
•43 
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This part of the subject has been treated at great length, and in con- 
siderable detail, for the purpose of explaining thoroughly the principles on 
which the transmission of force or pressure through a liquid body depends, 
and thus facilitating the general comprehension of certain natural laws, by 
which many of the most important operations of our business are regulated. 

THE FLOW OF WATER IN PIPES. 

The quantity of water passing through a pipe is in all cases equal to 
the area of the pipe at its smallest part, multiplied by the velocity of the 
water at the same spot. 

In ordinary cases the area is easily ascertained, but the velocity de- 
pends on many conditions — such as the pressure, the height of the head, 
the lay of the pipe, the smoothness or roughness of the internal surface 
of the pipe, the perfection or imperfection of the joints, and the con- 
stancy or inconstancy of the supply. 

The supply in any given pipe is in direct proportion to the head — ^that 
is to say — the higher the head is, the greater will be the quantity of 
water delivered. The quantity, however, though in direct proportion, 
is by no means in full proportion to the height of the head; on the 
contrary, it will be in the proportion of the square root of the head : 
thus, if there be two heads, one with an elevation of 9 feet, and the other 
with an elevation of 16 feet, the velocities in pipes of any given area and 
position will be in the proportion, not of 9 to 16, but of about 3 to 4. 

The velocity is also much influenced by the lay of the pipe, being 
greatest when the pipe is altogether vertical, least when the pipe is most 
nearly horizontal, and intermediate for all intermediate positions, such 
as those which are found when a pipe is laid with bends of greater or 
less magnitude, angles of greater or less sharpness or obtusity, zig-zag, 
spiral, or other turns, whether in a horizontal or vertical direction, but 
more particularly the latter, and sudden or easy reductions of area. 
It is also very considerably influenced by the length of the pipe, being 
in inverse proportion to it in all cases in which the pipe is not vertical. 

The cause of this influence is one which does not readily strike the 
student approaching the subject for the first time, but which becomes 
very soon apparent when the nature of the several objects in question is 
duly considered. 

If a body of any kind be set in motion with any given velocity, it has 
a natural tendency to travel in a certain direction, as the result of the 
excess of force or combination of forces propelling it over those which 
counteract or retard its progress, and unless the propelling power is 
kept up continuously, or in some degree, the tendency of the body to 
continue its motion undergoes a gradual diminution until finally it ceases 
altogether. Now a change of direction cannot be effected without the 
introduction of another force to counteract, in some degree, that pre- 
viously employed, and, consequently, to reduce its power. 

The change of direction in a stream of the kind now under consideration 
is usually effected by making a bend in the pipe, and the water, by imping- 
ing on this bend, becomes to a certain extent obstructed, and not only moves 
forward at a reduced rate of speed, but also retards the remaining portion 
of the stream between the obstruction and the source, and thus diminishes 
the velocity of the whole, and consequently the quantity passing through. 

D 
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Thus it will be seen that the obstruction is in direct proportion to the 
number and nature of the turns of the pipe, and that it is greatest when 
the direction of the channel is most changed, and when the change is 
effected in the most abrupt manner, as in the case of a very acute angle 
in a pipe. 

A sudden reduction of area also causes an obstruction, by making the 
particles composing the water form into eddies and cross-cvurents not 
parallel to the axis of the whole stream. 

The length of the pipe causes obstruction in the following way : — 

When two bodies of any kind are placed in contact, there is a certain 
tendency in them to adhere to each other, or at least to remain together 
and to resist any attempts made to move them one on the other. This 
is the force or power commonly known as friction, and its influence, 
though varying in degree with the nature, position, and other circum- 
stances of various materials, is, nevertheless, universally felt with ail 
substances, of whatever kind, whether solid, liquid, or gaseous. 

This retarding force is usually in direct proportion to the surface of 
contact, and the force by which the two bodies are pressed together. 
There are exceptions to this rule, as in the case of one body having a 
point or sharp edge, which, though occupying a small area at the point 
of contact, never5ieless causes an extreme obstruction or resistance. 
Such exceptions, however, occur only with solids, and need not be taken 
into account when dealing with liquids or gases, both of which are in- 
variably obstructed in direct proportion to their surface of contact with 
any other body, over or by which they have to pass. 

Water flowing in a pipe is obstructed by friction at every portion 
which it touches, and consequently, in a full pipe, it is retarded by a 
power equal to the internal circumference of the pipe multiplied by the 
length, and, therefore, the longer the pipe is, the greater must be the 
obstruction. It is true, as already mentioned, this force does not appear 
to diminish the quantity of water delivered by a straight vertical pipe ; 
it exists, however, in a pipe thus situated, precisely as in any other, but 
in this case there is another force — namely, the accelerating effect of 
gravity in a falling body — ^which is so much in excess of the retarding 
power of friction, that, in such a case as that here represented the latter 
is likely to be ignored unless special attention is called to it. 

The circumferences of circles are in direct proportion to their respec- 
tive diameters, but their areas are in proportion to the squares of their 
diameters ; thus, if there be two circles, one with a diameter of six inches, 
and the other with a diameter of three inches, the proportions of their 
circumferences will be as 6 to 3, or as 2 to i, whereas their areas will be 
in the proportion of 36 to 9, or as 4 to i. 

From this it will be seen, that when the diameter of a circular pipe is 
doubled, the circumference or surface of contact is only doubled, whereas 
the area or space allowed for the volume of water to pass through is 
quadrupled, the result being that the friction is reduced by one-half. 

Thus, it will be seen that, the larger a pipe is, the less effect the fric- 
tion will have on water with any given head. 

It is, however, to be observed that the enlargement of a pipe for a 
short distance is an expedient of very doubtful advantage, inasmuch as 
its primary eficct is to make certain particles of the water change their 
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direction, and consequently lose some portion of their force ; and this 
IS more particularly the case when the area has to be again reduced to its 
onginal size, as the particles have then not only to change their direction a 
second time, but in doing so have to cross each other, and thereby cause a 




disturbance or obstruction which retards the progress of the whole stream. 

From what has already been said, it will also be apparent that if a 
pipe be roughly or unevenly formed inside, or if the inner edges of the 
joints be not truly fitted and smoothly finished off, much obstruction 
may be produced, and the velocity, and consequently the quantity 
passing through, may be diminished in a corresponding degree. 

It has been previously mentioned that the pressure of water in a vessel, 
pipe, or reservoir, open at the top, is in exact proportion to the height 
of the head or difference of level between the surface and the point at 
which the pressure is taken. It has also been mentioned that the quan- 
tity of water delivered from any given pipe will be in direct, though not 
full, proportion to the head. 

It must, however, be remembered that the first of these rules refers to 
water in a state of rest, and the second to the same substance in a state 
of motion ; and that if water at any given spot be set running free, as 
through a cock or tap, the pressure becomes thereby to a considerable 
extent relieved, and unless a corresponding increase of force, whether 
by gravitation, machinery, or other cause, be added, the velocity of the 
issuing stream may be much less than might be expected from the 
original pressure. Again, if any of the causes previously mentioned exist 
— such as sudden contractions, reduced areas, or excessive friction— the 
delivery may not be at all in proportion to the original pressure. 

Thus, in a vertical pipe loo feet long, with an area of 3 square feet, 
mounted with a sluice-valve at the upper end leading from a reservoir, 
and stopped with a cap and pressure-gauge below, if the sluice-valve be 
opened to the extent of a thousandth part of an inch, it will be found 
that the pressure on the gauge will show 43*35 lbs. in precisely the same 
manner as if the sluice-valve were removed ; the quantity of water, how- 
ever, which would run out in any given time after the removal of the 
cap would be very much less than if the valve were full open. 

There is an empirical calculation for the velocity of water under various 
heads, which, though on no account to be relied on in cases of any import- 
ance, may, nevertheless, serve as a rough guide for approximate maximum 
quantities under certain circumstances. It is to the effect that the velo- 
city in feet per second is equal to eight times the square root of the head. 

Thus, if there be a head of 36 feet, it is calculated that the velocity of 
the issuing stream should be 6 x 8 = 48 feet per second ; or if there be 
a head of 25 feet, the velocity should be 5 x 8 = 40 feet per second. 

The quantity delivered is then calculated, as already pointed out, by 
multiplying the area of the pipe by the velocity; but it is obvious that, 
unless the whole of the inside of the pipe were examined, and all bends 
and other obstructions fully taken into consideration and allowed for, the 
result arrived at would be almost certain to prove erroneous. 

P 2 
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Table or the Discharge or Water from Pipes. 
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; 
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52 
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3 


53 
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4 
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54 
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l''^\ 
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127-50 


i 


I7-S9 


55 
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'55 
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25s 
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56 
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i;6 
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I 
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57 
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8 
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58 
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9 
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59 
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10 
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60 
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"S-93 
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63 
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84-66 


162 






"f"! 


262 


129-49 


13 


2S-«4 


63 


63-50 


H3 


85-04 


'63 


102-14 


213 


116-76 


263 


129-74 
129-98 


14 


29-93 
30-98 


64 


64-00 


114 


85-42 


164 


102-45 




117-03 


2 34 


>5 


65 


64-50 


"5 


^■79 


.65 


102-76 


215 


117-30 


265 


130-23 
130-48 


i6 


32-00 


66 


64-99 


116 




(66 


'03-07 


216 


117-58 


266 


17 


32-98 


67 


65-48 


117 


86-53 


167 


'03-38 


217 


"7 -85 


267 


130-72 


i8 


33 '94 


08 


65-97 


iiS 


86 -90 


16S 


103-69 


aiS 


iiS-iz 


36S 


130-97 


19 


34-87 


69 


66-45 


119 


87-27 


169 


104-00 


219 


iiS-39 


269 


131-21 




35-7S 


70 


66-93 




87-64 


170 


104-31 




118-66 


27a 


131 -4S 




3[,-66 


7' 


67-41 




88-O0 


171 


104-61 




iiB-93 


271 


131-70 




3?'52 


72 


67-88 




?!"3^ 


172 


104-92 




119-20 


272 


%^ 


23 


38-05 


73 


f%l\ 


123 


88-72 


173 


105-22 


223 


119-47 


273 


24 


39 -'9 


74 




124 


89-08 


174 


'05-53 


224 


119-73 


27* 


'32-42 


25 


40-00 


75 


69-28 


125 


89-44 


17s 


105-83 


MS 




275 


132-66 


25 


40-79 


76 


69-74 


126 


89-80 


176 


106-13 


326 


izo-27 


276 


132-91 


27 


41-57 


77 


70-20 


127 


90-16 


177 


106-43 


227 


'20-S3 


277 


i33-'5 


2S 


42-33 


7« 


70-65 




SK 


17S 


106-73 


22S 


120-80 


278 


13343 


29 


4J-0S 


79 


71-11 


129 


179 


107-03 


229 


121 -06 


279 


133-63 


30 


43 -S2 


So 


71-55 


130 


91-21 


iSo 


'07-33 


230 


121-33 


280 


■ 33-87 


31 


44-54 


Si 


73-00 


131 


91-56 


181 


107-63 


231 


121-59 


3S1 


"34-10 


32 


45-25 


S2 


72-44 


132 


91-91 


1S2 


107-93 


232 


121 -85 


282 


■34-34 


33 


43-96 


83 


72-83 


■33 


92-26 


'f^ 


108 -22 


233 




283 


134-58 
134-82 


34 


46-65 


84 


73-32 


134 


9Z-D1 


1S4 


108-52 


234 


122-38 


284 


35 


47-33 


85 


73-76 


135 


92-95 


'li 


108-81 


23s 


122-64 


285 


135-06 


36 


48-00 




74 -'9 


:36 


93-30 


1S6 


109 -I I 


236 


122-90 


286 


135-29 




48-66 




74-62 


137 


93-64 


'H 


109-40 


237 


123-16 


387 


■35-53 




49-32 




75-05 


•38 


93-98 


1S8 


109-69 


238 


123-42 


3SS 


■ 35-76 


39 


49-96 


89 


75-47 


139 


94-3» 


1S9 


109-98 


239 


123-68 


3S9 


136-00 


40 


50-60 


90 


75-89 




94-66 


190 


1IO-27 


240 


123-94 


290 


136-24 


41 


51-22 


9' 


76-32 




94-99 


191 


'Zi] 


241 


124-19 


291 


136-47 


42 


51-85 


92 


76-73 


142 


95-33 




242 


"4-45 


292 


136-70 


43 


52-46 


93 


77-15 


143 


95-67 


193 


III-I4 


243 


124-71 


293 


.36-94 


44 


53-07 


94 


7756 


144 


96-00 


194 


11 1-43 


244 


124-96 


294 


137-17 


45 


53-67 


95 


77-97 


MS 


96-33 


195 


111-71 


245 


125-22 


295 


137-40 


46 


54-26 


96 


78-38 


146 


96-66 


196 




246 


125-48 


296 


137-64 


47 


54-S5 


97 


78-79 


'47 


96-99 


197 


112-29 


247 


125-73 


297 


137-87 


48 


55-43 




79-20 


14B 


97-32 


.98 


112-57 


248 


125-98 


298 


.38.0 


49 


56-00 


99 


SS 


149 


97-65 


199 


112-85 


249 


126-24 


299 


138-33 


5S- 


_5^:5J_ 




150 


97-98 


2°° 


"3-'4 


2 so 


126-49 


''"^ 


mS-s6 



This table shows the quantities wliich straight pipes of certain sizes 
may be expected to deliver under various heads, but it is to be particu- 
lar!/ understood, that the figures express only the maximum quantities 
which, under favourable circumstances, may be expected to be dis- 
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charged, and that no deductions should be made from them concerning 
any given pipe, unless it is known to be placed under conditions of the 
most favourable kind. 

The amount of obstruction from oxydation, accumulation of dirt, 
and other causes, in a pipe which has been a long time under the ground, 
is quite incalculable ; in fact, there are cases in which it amounts to a 
complete stoppage. 

The only safe mode, therefore, of calculating what quantity of water 
any given pipe will vent, is to let the water run into a gauged tank, and 
at fixed periods of time to read off the gauge, and thus actually see the 
quantity delivered, 

ELASTICITY OR COMPRESSIBILITY. 

It has been already mentioned that there is, in almost all substances, 
a certain amount of elasticity or compressibility. 

Many solids can, on the application of force, be made to contract or 
expand, some very slightly, others to a considerable degree ; and all 
gaseous bodies are easily acted on in this way. 

Water can, on the application or withdrawal of heat, be made to 
change its volume to some extent ; thus, the bulk of a body of water 
raised from the temperature of melting ice, 39°! Fahrenheit, to that of 
boiling, 212° Fahrenheit, is increased by an addition of '04775, or nearly 
I /20th of its original volume ; and water lowered in temperature from 
2 1 2° to 39°i imdergoes a corresponding diminution in bulk. 

It is said by some that water is compressible, in fact, one of the 
greatest modem authorities on the subject goes so far as to assert that 
the vertical circulation of the sea depends, not altogether, but to some 
extent, on the tendency which the water in the depths of the ocean has 
to expand, in consequence of the compression to which it has been sub- 
jected by the mass above. But, besides this, which can be only mere 
theory, and may possibly be incorrect, there is the authority resulting 
from experiments, which go to prove that water has been compressed by 
mechanical power. 

It is said that, on the application of a great force on the surface, water 
will undergo a compression to a very small extent 

The mere statement, however, of the extremely small result effected 
by an enormous amount of power, must in itself suggest grave doubts as 
to the precise accuracy of the experiment, if made with machinery con- 
structed of metal, or any material in ordinary use for such purposes. 

It is hardly too much to say, that nearly all these materials with which 
we are acquainted are, to a certain extent, porous. Gas easily finds its 
way through metal of almost any thickness — not to any great extent, cer- 
tainly, but in sufficient quantity to be plainly perceptible to at least one 
of the senses ; and water is known to ooze freely through iron and steel 
boiler-plates under certain pressures, and to leave on the outside a damp 
perceptible to the sight and touch. Similar results also take place in 
glass and glazed vessels, not perhaps to the same extent, but sufficiently 
to show that they are porous. Thus, when it is necessary to make a 
calculation of their contents to an extreme point of minuteness, although 
the principle may be proved, it is impossible to accept the details without 
a certain feeling of distrust Again, it must be stated, that other authOTi- 
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ties concur in asserting that water is not compressible at all, but, as their 
meaning probably is that they have never seen it compressed, it is as neces- 
sary to caution the student against placing reliance on this theory as on the 
details of the other. In order to arrive at an accurate conclusion on a sub- 
ject of this kind, other elements of the question must be taken into consi- 
deration. First of all comes the known fact, or at least the universally 
adopted opinion, that in almost all water there is a certain admixture of air, 
however small, and if this be correct, it follows, as a matter of course, that 
the substance compressed is not water, but a mixture of water and air. 
Secondly, there must be a doubt as to the perfection or imperfection of the 
mechanical appliances used for the experiment, of whatever material they 
be made, as it is not only quite possible to suppose, but it is moreover in 
accordance with our own experience, that a metal or other material com- 
posing the vessel might allow a portion of water to leak through, or might 
itself stretch to the very small extent necessary for giving the increased capa- 
city within. For these and other reasons which will suggest themselves, it 
is advisable for the student neither to accept blindly nor reject absolutely 
either of these two discordant views, but simply to remember that there are 
advocates of both, and that, however widely these differ in principle or 
theory, they nevertheless all agree in believing that, in order to effect a 
change in the bulk of water at ordinary temperatures, it is necessary to apply 
to it a pressure enormously in excess of any which we use in the course of 
our business. After this detailed statement of such information as it is ne- 
cessary to give on the subject, it may be laid down as a rule, which every 
Fireman may safely act upon, that, so far as refers to our business, cold 
water is absolutely incompressible. 

Memoranda, — By an old Act of Parliament, which has been repealed, a 
gallon was that quantity of water which had a volume or capacity of 27 7 '274 
cubic inches. Now a standard or imperial gallon is that volume of distilled 
or pure water which, when the thermometer stands at 62° Fahrenheit, and 
the barometer at 30 inches of mercury, weighs lolbs. avoirdupois. 

It contains 277*123 cubic inches, or 0*160372 of a cubic foot 
Specific gravity of pure water 1*000 

Do. ice .•• ... ... o*94 

Do. sea water ... ... ... 1*026 

Mud and excessive quantities of salt increase the specific gravity. 
The greatest density of water is at a temperature of 39° 38' Fahrenheit, 

after which it becomes lighter, until it is reduced to the freezing point, 32° 
Fahrenheit, and then ice is formed. The least density of water is at 2 12*^ 
Fahrenheit, or boiling point, after which it becomes converted into vapour. 

Water expands tsW of its bulk for every degree of heat, and tVth of its 
bulk in freezing. 

If an enclosed vessel be filled with water at a temperature of 39° 38' 
Fahrenheit, and afterwards subjected to such conditions that the 
temperature is raised to 212°, or lowered to 32°, the vessel must either 
expand or burst. 

Weights of distilled or pure water at the temperature of the atmos- 
phere : 



I cubic inch o*036'i25 lbs, 

I cubic foot 62*425 lbs. 

I gallon 10 lbs. 



11*2 gallons I cwt 

224 gallons I ton. 



PUMPS 



Pumps are machines for the removal and transmission of fluid 
substances. Air pumps are principally used for the former of these 
purposes only, but water pumps are in general available for both. 



The following is a description of an air pump of the most simple 
kind, which I have been in the habit of using for the purpose of 



mstructioQ :- 






It consists of a brass cylinder A, with an internal diameter of Hths 
of an inch, inside which a closely-fittmg piston or plug B can be moved 
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up and down by means of a rod C, which passes through a loose stuffing- 
box or guide piece D on top, and is mounted at its end with a ring 
handle E. 

In the piston there is a small valve or door F, which opens freely 
upwards when pressed from below, and allows liquid or fluid substances 
to pass through, but, when the pressure ceases, falls back into its place, 
and allows nothing to return. 

There is a glass chamber or vessel G fitted on top with a similar 
valve H, which allows anything to pass upwards but not to return, and 
underneath this valve there is a small screwed plug I for the admission 
of air, when necessary. 

The lower edge or lip of the chamber is truly ground, and there is a 
circular piece of glass K also truly ground, which, if placed over the 
lower end, touches the lip all round. 

The cylinder has at its lower end a small female screw, which fits on 
a corresponding male screw on the top of the chamber. 

To use the Pump, — Screw the cylinder on to the upper end of the 
chamber, place the ground glass over the lower opening, and move the 
piston to the lowest point L. The enclosed space from the glass cover 
K to the piston B will contain air of the same consistency and pressure 
as the external atmosphere. 

Move the piston up to its highest point M, and this air expands and 
fills the chamber, and the whole of the cylinder up to that point, but, as 
the ground glass K prevents any air passing in below, that which is 
enclosed becomes attenuated, and consequently there is a greater 
pressure on the outside of the vessel than on the inside. 

Move the piston down to L, and the attenuated air between M and 
L, being prevented by the valve H firom returning into the large 
chamber, will escape through the valve in the piston, and there will 
then remain in the chamber and the lower part of the cylinder a 
quantity of air equal in bulk to tliat which was there at first, but of less 
density. 

Move the piston upwards again to M, and the air becomes further 
attenuated, and move it down again to allow a portion to escape. 

If this movement be continued, the air at each upward stroke will 
become more attenuated, and at each downward stroke will partly 
escape, until after some time the remaining quantity will become at- 
tenuated to such a degree that it will be too weak any longer to lift the 
lower valve. 

When this has been accomplished the pump ceases to act, as its 
sole power consists in taking advantage of the elasticity of the air, 
and, when this becomes reduced to such a point that it will no 
longer lift the lower valve, the vacuum, though by no means perfect, 
is as complete as it can be made with machinery of the kind here 
described. 

The pump may now be unscrewed ftrom the top and removed, and it 
will be found that the glass cover K is firmly attached to the chamber, 
and cannot be pulled off without considerable difficulty, being forced 
against the lip with a power equal to the area of the lower end of the 
chamber in square inches multiplied by the pressure of the external 
atmosphere in lbs. on each square inch. 
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Thus, if the area of the opening or lower end of tlie chamber be, as 
in the present case, equal to a space of 3^ square inches, and the 
atmosphere be assumed to be at its lowest point of pressure, 14 lbs. on 
each square inch, it will be found that the removal of the air from the 
chamber has the effect of causing an unbalanced pressure of about 49 lbs. 
on the outside above that on the inside, and that consequently the glass 
cover K is firmly fixed on to the lip, and cannot be removed or with, 
drawn without the application of a force of almost that amount (49 lbs-) 
exerted in an opposite direction. The reason of the necessary force 
being somewhat less than 49 lbs., is that, as already explained, the air 
cannot be altogether removed by a pump arranged in the way here 
described, and that consequently the vacuum inside is not quite 
perfect 

This experiment should be firequently repeated, the student each 
time pulling off the glass cover, until he becomes practically acquainted 
with the pressure by observing the force which he is obliged to exert in 
order to counteract it 

After this a vacuum should be again formed inside, but, instead 
of the lid being pulled off by force, the small plug I should be slowly 
imscrewed, and it will be found that, before it has been withdrawn to 
the very trifling extent of the space between two or three of its small 
threads, and long before its inner end or point is visible, the lid will 
fall off, thus plainly showing the elastic power of the atmosphere, 
and the extreme minuteness of its particles, which can instantly pene- 
trate through an opening so small as to be quite imperceptible to the 
senses, and can fill the chamber in less time than would be consumed 
in pouring a similar quantity of water into an open vessel of the same 
size. 

This experiment also should be repeated, until the student thoroughly 
xmderstands the rapid action and penetrating power of the atmosphere 
in such a case. 

The air pump may then be worked with the plug-hole imperfectly 
closed — that is to say, with the plug I not fully screwed home — and 
it will be found that a vacuum, or partial vacuum, will be formed 
sufficient to keep the lid on so long as the pump is kept working, 
but that, the moment the pump stops, the lid will fall off. 

Again, the pump may be worked with the plug I drawn, and, although 
the pump itself is performing precisely the same operation as before 
— ^namely, passing upwards all the air which it receives — it will be 
found that, notwithstanding this, no vacuum is formed, inasmuch as 
the plug-hole allows the air to pass in more rapidly than the pump 
discharges it 

These latter experiments will show that, under certain circumstances, 
a pump may be able to overcome a very slight leak so long as the 
piston is kept moving rapidly, but that practically there is a point 
beyond which it has no power to counteract the effects of the atmosphere 
rushing in through a hole. 

A complete knowledge of the use of this little apparatus will greatly 
facilitate some of the subsequent studies, particularly those connected 
with the feeding of pumps by atmospheric pressure, or, as it is com- 
monly called, suction. 
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Pumps for Water and other Liquids. 

Machines for the removal and transmission of water and other liquids 
are commonly known as pumps. 

Every pump performs two actions, namely, receiving and delivering. ' 

Pumps are principally of two kinds with regard to their supply, but 
of many kinds with regard to their discharge or delivery. 

A pump is filled with water either by the pressure of the atmosphere 
or by gravitation. In the former case it is called an atmospheric or 
suction pump, and in the latter case a pump not fed by means of 
atmospheric pressure. 

With regard to its discharge, a pump may consist of a hollow piston 
moving in a fixed cylinder, a solid piston moving in a fixed cylinder, 
a projection from a central axis moving round a partly cylindrical 
chamber, a wheel flying round a circular-chamber, and discharging the 
liquid by centrifugal force, and a variety of other contrivances, some the 
mere converse of those mentioned, as for instance a cylinder moving on 
a fixed piston, and some a combination of several others, as a hollow 
and solid piston combined, a mere rod or trunk working through a 
hole and causing displacement by its bulk, and many others which, 
though apparently different, are in reality dependent on the same prin- 
ciples. 

A hollow piston is a piston or plug containing in it a valve through 
which water or other liquid may pass freely in one direction, usually 
upwards, but may not return, and a machine worked with a piston of this 
kind is commonly called a liift-pump, inasmuch as the liquid gets above 
the piston and is lifted away. This kind of piston is occasionally called 
a bucket. 

A solid piston is one which does not allow the water to pass through 
it, but which, when pushed downward or inward, as the case may be, 
forces away the water from the cylinder by displacing it to make room 
for its own bulk. A machine worked with this kind of piston is 
called a force-pump, and the piston itself is occasionally called a 
plunger. 

A machine worked by means of a projection firom a central axis 
moving round a partly cylindrical chamber is called a rotary pump, by 
which is to be understood, not specially a machine to which motion is 
communicated through a rotary medium such as a crank and flywheel, 
or a crank alone, as this may or may not be the case with a rotary 
pump, but one which receives and communicates its power on a rotating 
part. 

A machine worked with a wheel receiving its supply in the centre 
and discharging it firom the circumference is called a centrifugal 
pump. 

I shall first describe a pump of the simplest possible kind, namely, a 
lift-pump not fed by atmospheric pressure, but placed under the water, 
and filled by the gravitation of the liquid, which tends to force it into 
any opening below the level of its upper surface. 



LiFT-PcMP NOT Fed by means of Atmospheric Pressure. 





This pump consists of a cylinder A with a valve B, which will allow 
water to pass in, but not to return ; and a piston C containing a valve D, 
which will allow water to pass upwards, but not to return. Motion is com- 
municated to the piston by means of the piston-rod E and handle F. 

Above the cylinder there is a chamber G, with a spout H. 

The cyhnder is placed below the water level I, and consequently the 
water will, by its own gravitation, force its way inside up to the same 
level at which it stands on the outside. The piston travels from K at 
the bottom to L at the top, and, as this latter is below the water level 
I, the cylinder is filled without any action of the piston. 

When the piston moves upward, it lifts on it a certain quantity of 
water, and consequently makes room for a similar quantity to find its 
way in ; and when it moves downward, the water in the cylinder not 
being able to pass back through the lower or foot valve B, opens the 
valve D in the piston, and by rushing through makes room for the piston 
to descend as it were through it 

It will thus be perceived that, at each upward movement, the piston not 
only lifts away all the water contained in that part of the cylinder through 
which it travels, namely from K to L, but at the same time makes room 
for the water on the outside to force its way in as far as the point L. 

Assuming that the quantity of water contained in that part is a gallon, 
it will be found that, at each upward movement, a gallon is lifted into 
the upper chamber, and a gallon poured in fl'om the outside to replace 
it ; and at each downward movement the water, being prevented by the 
foot-valve from escaping below, but not stopped by the valve in the 
piston, escapes through the latter, and thus dlows the piston to find its 
way down again so as to be in the proper place for performing the same 
operation on the next upward movement. 
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After the movement of the piston has been continued for some time, 
the water is lifted into the chamber G, until it reaches to the level of the 
outlet H, from which it is allowed to overflow into whatever channel or 
reservoir it is required in. 

If the water has to be lifted to a greater height, or to be projected 
with force, the top of the chamber may be covered in, and an enclosed 
pipe led from the outlet to the required spot 

It is to be observed, that precisely the same principles apply to all 
cases of feeding pumps under pressure, whether the pressure be imparted 
by natural gravitation, as in the case just described, or by another 
machine driving the water in with force. 

The next machine to be described is precisely tne same with regard 
to its delivery, being a lift-pump, which allows the water to pass through 
the piston ; but it is different in its supply, as it is fed, not by gravitation, 
but by atmospheric pressure or suction. 

LiFT-PuMP Fed by Means of Atmospheric Pressure. 

To the bottom of a pump precisely 
similar to that last described, there is 
attached an air-tight pipe M, of sufficient 
strength to resist an external pressure of 
at least 15 lbs. on each square inch. The 
,, — --_ ^__„ lower end of this pipe is placed under the 

Ajf j._ r= Z-T surface of the water I, and the piston is 

M -^_ S- moved down to its lowest point K. 

\H 7-[. '= - This pipe will now contain water up to 

'* -' -- the point I, and all the rest of the enclosed 

space up to the bottom of the piston will 
contain air of the same density and pres- 
sure as the external atmosphere. 

Move the piston up to its highest point 
L, and the enclosed air, on the principles 
already explained, will expand and fill this 
increased space ; and as it will then be of 
less density than before, it will not balance 
the external pressure, and consequently 
the water will be found at a higher level 
inside the pipe than outside— say the 
point N. 

Next move the piston down to its lowest 
point,and the air contained in the cylinder, 
not being able to return through the foot- 
valve, will force its way through the valve 
in the piston, and escape forward. 

There will now be in the pipe and the 
lower end .of the cylinder a smaller air 
space than before, and the air will be of 
less density than at first. 

Move the piston again up to its highest point, and the air will again 
expand, imd fill the space allowed to it, and will consequently lose still 
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more of its density and pressure, the effect of which will be that the 
column of water inside the pipe will be forced by the external atmosphere 
to a higher point — say O. 

Move the piston down again, and the air in the cylinder will escape 
forward, as before, leaving only that portion of the enclosed space 
between K and O filled with air, and the remaining portion between O 
and I filled with water. 

Move the piston up again, and the enclosed air, becoming still further 
attenuated, will allow the water to be forced up by the external 
atmosphere through the foot-valve, and up to a higher point in the 
cylinder — say P. 

When the piston descends again, all the remaining air escapes, and 
the water will be found above the valve in the piston ; and, when it is 
again raised, the water is raised with it, being forced up by the external 
atmosphere, which has now no pressure inside to resist it, and conse- 
quently exerts its lull power up to the point at which the piston stands. 

At each upward movement after this, the water above the piston is 
lifted into the upper chamber, and the water from outside follows the 
piston up, and fills the cylinder, and at each downward movement the 
water in the cylinder, being unable to return through the foot-valve, lifts 
the valve in the piston, and so allows sufficient displacement for the 
piston to make its way down again for the next movement. 

As long as the piston is kept in motion, the water on top is lifted 
away, and the water below follows it, and fills the cylinder. 

It is of course to be understood, that the experiment is not tried 
above the height to which the atmosphere can lift a column of water, as 
already explained, and that the piston is not moved at so great a speed 
that the water has not time to run up the pipe and fill the cylinder 
during the upward movement 

The next machine to be described is a single-acting force-pump, sup- 
plied by means of gravitation. 



Single-acting Force-Pump, 



BY MEANS OF GRAVITATION. 



rmh 




This pump consists of a cylinder A, with a foot-valve B, a solid piston C, 
through which no water can pass, and a pipe D leading out from some 
part of the cylinder below the lowest point which the piston reaches, and 
fitted with a valve E, which will allow water to pass up, but not back. 

The travel of the piston is from F to G, both of which points are 
below the surface of the water H. 

When the piston moves upwards it acts in precisely the same manner as 
that of a lift-pump, by making room for the water underneath to enter, but 
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nothing passes through it, and consequently its only operation in the 
upward movement is to make room for the water to fill the cylinder, and, 
when it has reached the top, it descends again, and in doing so forces the 
water through the valve E into the pipe D, and so empties the cylinder. 

This machine performs only one action at a time ; first filling, and 
then emptying] and it is on this account that it is called a single-acting 
pump, to distinguish it from other machines to be hereafter described, 
which perform both actions together at every part of their stroke. 

It will be perceived that, if the cylinder be of the same size as that of 
the lift-pump, and the stroke or travel of the piston be the same length, 
the quanti^ of water delivered will be precisely the same in both, 
although the mode of discharge will be different 

The next machine to be described is precisely the same as the last 
with regard to its delivery, but it is different in its supply, as it is fed by 
means of atmospheric pressure or suction. 



Single- 



Force-Pump, SUPPLIED BY MEANS OF ATMOSPHERIC 
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To the bottom of a pump precisely similar to that last described there 
IS attached an air-tight pipe I, of the same kind as that used with the 
lift-pump. The lower end of this pipe is placed under the surface of the 
water H, and the piston is moved down to its lowest point F. 

This pipe will now contain water up to the point H, and all the rest 
of the enclosed space up to the bottom of the piston, and as far as the 
valve E, ^on the outlet pipe, will contain air of the same density and 
pressure as the e^^temal atmosphere. 

Move, the piston up to its highest point G, and the enclosed air will 
expand as before, and its balance with the external pressure being 
destroyed, the water will rise in the pipe to a certain height — say K. 

Next, move the piston down to its lowest point F, and the air in the 
cylinder, being unable to return through the foot valve, will force its way 
through the valve on the outlet-pipe, and so escape forward. 

There will now be in the pipe, the lower part of the cylinder, and that 
part of the outlet-pipe inside the valve E, a quantity of air of less density 
than at first 

Move the piston up to its highest point, and the air, expanding and 
losing its pressure as before, will allow the column of water in the pipe 
to be raised to a higher point — say L. 

Move the piston down again, and the air in the cylinder will escape 
forward, as before, leavmg only the enclosed space between F and L. 

Move the piston up again, and the air, becoming still further attenuated, 
will allow the water to be forced up through the foot-valve and into the 
cylinder — say to the point M. 

When the piston descends again, the remaining air is driven forward, 
and with it the water in the cylinder ; and there being no longer any air 
in the cylinder or pipes, the external atmosphere keeps the water pressed 
against the bottom of the piston, so that when the piston rises the water 
rises with it, and fills the cylinder, and when the piston moves down- 
ward, the water, being unable to get back through the foot-valve, is 
forced forward through the valve E into the outlet-pipe, and thence to 
the point of final discharge. 

So long as the piston continues in motion, its upward movement will 
have the effect of allowing the cylinder to be filled, and its downward 
movement will force the water forward, thus finally accomplishing the 
same result as in the case of the gravitation pump last described, but by 
different means so far as regards the supply. 

This pump is, of course, subject to the same conditions with regard to 
height of lift and velocity of piston as the other suction-pump previously 
described. 

Duplex Lift-Pump. 

Another kind of pump, and one likely alwa)rs to attract a certain 
amount of attention, is a duplex or two-throw lift-pump. 

It has one cylinder A, and working within it two hollow pistons B 
and C, fitted with valves D and E, through which the water can pass 
upwards, but not back. Motion is communicated to the pistons by 
means of the piston-rods or kvers F F working off a spindle G, which 
passes through the cylinder and receives its power from the outside. 




The working is arranged in such a. mannor thai 
the pistons alternately recede from and approadi. 
\ each other. In short, the machine consists of 
lift-pumps placed one above the other, and 
when the pistons are set in motion, that which is 
moving upwards from the sudioo and towards the 
delivery, is always doing the whole of the usefijl 
work, and passing the water through the other. 

When the pistons are recedii^ from each other, th« 
upper piston C moves in the direction from the suction 
and towards the delivery ; its valve E doses, and 
this piston lifts away any water that is above it, and 
at the, same time allows the atmosphere to force 
in water through the suction-pipe H, and fill the 
cylinder, passing through the stationary foot-valve K 
and the valve D in the descending piston B. 

When the pistons change their direction, and 
approach each other, the lower piston B moves in 
the direction from, the suction and towards the 
delivery ; its valve D closes, and this piston lifts 
away any water that is above it, forcing it through 
the valve E in the descending piston C, and out 
through the exit L, and at the same time allows the atmosphere to force 
in water through the suction-pipe H until it fills the cylinder. 

The water is taken in at the bottom by means of the suction-pipe 
H, passes through the foot-plate I, and the foot-valve K, and is 
discliai^ed through the delivery-pipe L, without returning on its course 
at any time during its passage through the pump. 

Another Duplex or Two-throw Lift-Pump. 

The principle on which this pump acts 
is precisely the same as that last described, 
but the application of the power is some- 
what different. 

The cylinder, instead of being an ordi- 
nary circular chamber, as before, is in the 
form of a bent cylindrical tube or pipe 
AAA, and it is fitted with two pistons B 
and C, each mounted with a valve D and 
E, which will allow the water to pass in 
the direction from the suction and towards 
the delivery, but not back. Motion is com- 
municated to the pistons by means of two 
piston rods FF, connected by a handle and 
working through stuffing-boxes G G in the 
upper ends of the bent tube or cylinder. 
When the piston-rods move downwards, 
the valve D in the piston B is closed and 
_ the valve E in the piston C is open, and 

the water in iront of the piston B is forced forward through the valve E 




;- roxps. : 49 

Bstil it passes out tfarot^h tbe delivery-pipe H, and, irhile Oiis is bein^ 
done, the pistoa B, by causing a vacuum, ajlows the cylinder behind it to 
■ be fiUed witii water irom the suction inlet K ; and when the piston-rods 
move iqiwaids, the valve E in the piston C is closed, and the valve 
-D in vx piston B is open, and the water in front of the piston C is 
' forced forward until it passes out through the delivery H, and, while 
this is being done, the piston C, by causing a vacuum, aJlows both arms 
of the cylinder to be filled with water ■from the suction inlet K. Thus 
it will be seen that, whenever the pump is set in motion, one of the two 
pistoas must be passing in a direction from the suction and towards the 
delivery, and that this one — whichever it may be at the moment — is 
always doing at that moment the whole of the work, and doing it through 
the other, either drawing the water direct by suction through the inlet 
and forcing forward through the other piston and valve to the delivery, 
or, as the case may be, drawing the water through the inlet and the first 
piston, and forcing it forward direct through the delivery 

With this machine the water is received in at one part, and is forced 
out from another, without at any time having to return on its own course 
while passing throi^h the pump. 

Bucket and Plunger Pump. 




There is another kind of machine, called a Bucket and Plunger 
Pump, which is a combination of lift and force-pumps. It consists of 
a cylinder A, with a hollow piston B, fitted with valves CCC, which allow 
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the water to pass upwards, but not back. This piston, instead of beii^ 
connected to the moving power by means of an ordinary piston-rod, 
has mounted on and attached to it a trunk D, working through a stuiling- 
box E, in the top of the cylinder. There is at the bottom of the 
cylinder a foot-valve, or rather a foot-plate F, with a set of valves 
G G G, which allow the water to pass up, but not back. 

When the piston E moves upward, it allows the cylinder to fill below 
it in the space H, and at the same time lifts away the water in the space 
above it 1 1 1 ; and when the piston B moves downward, it allows the 
water m H to pass through the piston valves C C C, and at the same 
time displaces or forces away a portion of this water by means of the 
trunk D. Thus, it will be seen that, on the upward movement, the 
whole of the space H within the cylinder is filled from the suction-pipe 
K, and that at the same time the contents of the space I are discharged 
through the exit-pipe L; and that on the downward movement of the 
piston the trunk D displaces a quantity of water, and forces it forward 
through the exit-pipe L. 

The cubical contents of the trunk are equal to about half the cubical 
contents of the cylinder, and the result consequently is'that nearly 
similar quantities are discharged on the up and down movements. 

This pump is single acting in its suction and double acting in its 
delivery, and the water in passing through it docs not at any time 
return on its course, as in an ordinary force-pump, but keeps the same 
direction after entering the suction inlet until it is discharged through 
the delivery outlet. 

The next machine to be described is what is commonly known as a 
rotary, or rotatory pump, by which is to be understood a machine 
which imparts veloci^ to the water by the movement of a rotating 
part 

Rotary Pump. 

There is a cylindrical vessel A, inside 
which moves a solid piece or piston B, 
with three projections, or cams, all of 
which touch the inner part of the cyfinder 
at their extremities, but are graduated off 
to some distance, leaving a space between 
each intermediate part and the circum- 
ference. 

There is a sliding butment or stop C, 
which moves freely up when pushed from 
below, and which, when the pressure 
ceases, drops back instantly mto its 
place. 

When the solid part B is made to 
rotate on its centre D, the projections 
drive before them the water in the case, 
which moves on until it is stopped by the 
sliding butment from going altogether 
round, and escapes by the outlet E, and 
;placed by a fresh supply coming through the iiuction-pipe F. 
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When this pump is fed by means of atmospheric pressure, there 
should be a. valve in the suction pipe F. 

It will be perceived that the shape of the rotating part, or cam piston, 
is such as to lift the stop and pass by, but not to let any water escape in 
the same direction, as tile sliding stop instantly drops again by its own 
weight after each projectioo has passed it 

Another kind, and, perhaps, the oldest and 
best of all, is as follows : — 

There is an oval chamber A, containing two 
cog wheels, B and C, the teeth of which touch 
the inner part of the chamber as they pass round 
and work in each other where they meet. They 
work on their own centres, D and E, and when 
set in motion travel in opposite directions, as 
shown by the arrows, carrying up round the 
sides whatever water is between the cogs ; and, 
as this is not allowed to return through the - 
centre, owing to the contact of the cogs at that 
part, it is driven forward through the outlet F, 
and a fresh supply brought up through the sue 
tion-pipe G. 

Another form of rotary pump is as follows — 
There is an oval chamber A, as before, and m it 
metal pieces B B, shaped a 
touching in the centre by u 
of cam or projection. 

These are set m mo- 
tion by a pair of spur 
wheels C C on the out 
side, the centres of which 
are fixed on the same 
spindles. 

These spur wheels maj 
I bemade, where desirable, 
of the same diameter as 
1 the pump wheels, or m 
temal parts, which they 
drive. They gear into each other, and their teeth ai 
is consistent with the necessary strength, and fitted a 
sible, so as to work without any play or back lash By this arrangement 
the heavy wear is taken off the pumps, and thrown almost entu-ely on 
the outside driving wheels. 

When they are set in motion they travel m opposite directions, as 
shown by the arrows, carrying with them the water on the outside, but 
not letting it return down the middle. 

The water is then forced upward or forward through the outlet D, and 
is replaced by a fresh supply coming up the suction pipe G 

The next machine to be described is that known as the centnfugal 
pump. 

This machine consists of an outer case A, and concentnc with 
it a hollow drum B, from the outside of which a number of arms, 





re made as small as 
s accurately as pos- 



C C C C, project, in tbe form of curved 
vaaes, widiODt touching the pump case, 
lite drum communic^es with the supply 
by means of a pipe, and, when it is set in 
motion, the centrifugal force drives out the 
water between tbe arms in tiie same way 
as the wringing at a, mop drives the water 
out of the threads, and the water passes up 
the outlet D, and is continually replaced by 
a fresh supply through the hollow part (rf 
the drum B, which is, in ^ct, the suction- 
pipe. 

The next machine to be described is a 
double-acdng force-pumpt The principles 
concerning gravitation supply are so simple that they will not be 
repeated here, or in future cases, and th^ description consequently 
refers chiefly to a pump fed by means of atmospheric pressure; bu^ 
with some slight modifications aod a few obvious omissions, it can, 
it necessary, be made equally applicable to a gravitatum pump. 

DOUBLE-ACTINC FOBCE-PUMP. 






This machine consists of a horizontal cylinder A, dosed at both ends, 
with a piston B travelling in it, the latter being worked by means of a 
rod C passing through a stuffing-l>ox D in one of the covers. 

The cylinder is mounted close to its ends with four valves, E F G 
and H — tw-o, E and F, below, and tlie other two, G and H, above. 

There is attached to the cylinder, underneath, a pipe I, the lower end 
of which is placed under the surface of the water, and the upper end 
of which branches off to the entrances into the cylinder by the valves 
E and F respectively. 

There is attached to the cylinder on top a similar pipe or a chamber 
L, the lower end of which communicates with the valves G and H, and 
the upper end or delivery of which is led wherever necessary. 

The piston travels in the cylinder between the points M and N. 

When the piston is at rest all ihc valves are dosed 

When the piston is first moved from M to N, it has two valves 
behind it, of which the underneath one is opened by the expansion 
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of the air in the pipe, and the upper one remains closed by its own 
weight ; and it has also two valves in front of it, of which the lower 
one remains closed by its own weight, and the upper one is forced 
open to allow the air in front of the piston to pass out 

This motion of the piston discharges the quantity of air contained 
in that part of the cylinder between M and N. 

When the piston is next moved from N to M, it has, as in the previous 
movement, two valves behind it, of which the lower is open and the 
upper shut, and two valves in front of it, of which the lower is shut and 
the upper open, and this motion discharges a quantity of air equal in 
bulk to that driven out by the previous movement, but of less density. 

The positions of the valves are shown in the accompanying 
drawings. 

The piston is again moved in each direction, and at each motion 
discharges a further quantity of air, imtil the water, on the principles 
before explained, is driven up the suction-pipe, and follows the motion 
of the piston, filling the cylinder alternately through whichever of the 
lower valves is behind the piston, and being discharged alternately 
through whichever of the two upper valves is in front of the piston. 

It will be remembered that, in the lift-pump, 'the piston when moving 
up does the whole of its work, both filling and empt)dng, and when 
moving down, does nothing, and that in the single-acting force-pump 
the piston when moving up fills the cylinder, and when moving down 
empties it ; but the double-acting force-pump differs from these in the 
fact that, whenever the piston is in motion, it is both filling and emptying 
the cylinder at the same time. 

Another form of double-acting force-pump is as follows :— 





There is a large chamber A, of any shape, but usually for convenience 
rectangular, and inside it a cylindrical or annular projection B, called 
the pillar or bush, which stands in th« middle, and completely separates 
the two ends when the piston is in its place. 

The piston C is a circular piece of metal, either solid or not, accord- 
ing to convenience, and motion is communicated to it by means of a 
piston rod D, working through a stuffing-box E. 

The water is received through the suction-pipe F, and discharged 
through the outlet-pipe G. 

When the piston is driven in either direction, the lower valves behind 
it open to allow that part of the chamber to fill, and the upper valves 
in front open to allow that part of the chamber to discharge. The 
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position of the valves and direction of the water during the motions 
of the pistons are shown on the drawing. 

The advantage of this pump is, that it has a very large valve area ; 
the disadvantages are, that the piston and bush are metal to metal, 
and that the piston does not in its movement search every portion 
of the chamber, as commonly in the case of a piston moving in a 
cylinder, and that, consequently, it is difficult to make a vacuimi and 
to keep it when made. This pump, when raising water lo or 12 
feet by atmospheric pressure, generally requires to be primed or filled 
with water from above, so as to expel the air, after which it can be made 
to work until once stopped. 

The lift-pump and single-acting force-pump have been drawn and 
treated of as placed vertically, and the double-acting force-pump as 
placed horizontally, these being the positions in which they are most 
commonly used. The valves also have been drawn and treated of as for 
the most part within the cylinder — a position which, in practice, they do 

not always occupy, being more frequently 
in the adjoining pipe, or in chambers 
intermediate between the pipe and the 
cylinder, as shown in the following illus- 
tration. 

This arrangement of the subject has 
been adopted for simplicity and general 
convenience ; but the student will do well 
to remember, that there is no law of 
nature which would materially affect either 
the supply or the discharge, in whatever 
position the pumps may be placed, so 
long as the valves can be made to act 
properly, as here explained. 

It is needless to follow the subject 
of piston-pumps through the infinite number and variety of forms 
which in this and other coimtries they have been made to take, 
in order to adapt them to the numerous requirements of commerce 
and domestic life, and at the same time to the surrounding circum- 
stances or necessities of each case, including among many other matters 
the important consideration of first cost, which may itself be further 
sub-divided under several heads, such as material, manufacture, and 
so forth, and of working cost, which is subject to endless sub- 
divisions of all kinds. 




A few drawings, however, of other pumps are added, and these, if 
studied with the help of previous explanations, should enable the student 
to understand the general working of any piston-pump* likely to be met 
with. 




Lift Pump. 
A. — Suction Pipe. 
B.— Valve in Piston. 
C. — Ail Chamber. 
D,— Exit Pipe. 



Lift Pump, 

A.— Cylinder. 
B.— Foot Valve. 
C— Pisfon with Valve. 
D.— PisloQ Rod. 
E.— Handle. 
F. — Fulcrum or Slav. 
G.— Exit Pipe, 



Force Pump. 
A. — Cylinder. 
B.— Trunk or Piston. 
C— Stuffing Box. 
D.— Handle. 
E.— Suction Pipe. 
F.— Foot Valve. 
G. — Delivery Valve. 
H.— Exit Pipe. 



SlHGi^AcTiNG Force Pumps, mounted in Pairs. 
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SiNGLE-ACTING FORCE-PUMPS, MOUNTED IN PAIRS. 




Air Vessels. 
It will be perceived that in almost all the pumps here described there 

is, at some time or other, a cessation of useful action. Thus, the lift- 
pump gives its whole result on the upward movement, and no result 
at all on the downward movement, and consequently, if the piston 
be kept moving as it usually is at a somewhat equable velocity, its 
useful result is obtained only during one-half of the whole time, A^ain, 
the single-acting force-pump, when considered with regard to its supply 
or discharge separately, also loses half its time, and even the double- 
acting force-pump loses that moment, however brief it may be, during 
which the piston pauses at the end of the cylinder, before returning on 
its course. The effect of these pauses is an intermittent action of the 
stream passing through, an undue strain and jerk on the whole of the 
machmery and appliances, and, what is most important of all in our 
business, an irregularly sustained pressure on the issuing jet, which 
consequently scatters into spray much sooner than it would otherwise do. 

It has always been the object of pump makers to reduce or obviate 
this inconvenience, and for this purpose many devices have been tried, 
the most common being, mounting two pumps together in such a way 
that when one ceases to act the other commences. 

Three, four, five, and other numbers have also been mounted together, 
and the result has, of course, been a much more constant stream ; but 
with no pump, not even the rotary, has it been possible to produce a 
really steady conslant stream. 

Thus a three-throw or a four-throw pump is, as far as steadiness of 
the issuing stream is concerned, more efficacious than a two-throw pump 
or a single pump; but, however numerous the throws may be, there 
is need for a steadying power to equalize the whole operarion, and reduce 
the effect of such shocks as result from the rapid movement of an 
incompressible liquid in a series of chambers formed of rigid metal. 

This regulatmg or steadying power is obtained by fixing on the 
delivery part of the pump a chamber communicating with the pipe 
below, and closed in on top, called an air vessel. 
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When the purop or pumps first commence to work, this chamber 
contains only air at the ordinary pressure j but, after some water has been 
forced forward, a portion enters the chamber, and, the air being lighter 
than the water, rises to the top and is compressed, and in this condition 
has a force or power greater than the external atmosphere, and conse- 
quently has a tendency to drive the water out again when the pmnps 
are not acting. 

This power would be exhausted in a very short time, but it is never- 
theless quite sufficient for all ordinary requirements, even with a single 
pump, and affords an effectual cushion or buffer to prevent the jars and 
shocks which might otherwise take place. 

It is to be observed, that an air vessel neither adds nor withdraws 
power, but that it simply acts as a chamber in which power can be 
stored until it is required. 

Air vessels are used both on suction and delivery-pipes, but their 
action on the former is chiefly the steadying of the pipes by allowing the 
water when checked to run up into a vacuum, and thus preventing the 
shock caused by the sudden closing of the valves. 

The form, capacity, and position of an air vessel are all matters of 
importance. There can be no special rale ~~' 

laid down concerning these points, as the 
requirements of nearly all pumps are different, t 
but the following general principles should be, f 
as much possible, adhered to. I 

With regard to the form, experience shows 1 
that it is most usefiil when circular in area or ' 
transverse section, and either cylindrical all 
through, with a roimd or egg-shaped top, or 
cylindrical at bottom, and spreading towards 
the upper end, as in A and B. 

The advantage of the latter of these is, 
that the large quantity of air contained in it 
is less liable to become exhausted, and that 
the surface of the water exposed to the com- 
pressed air is very small towards the bottom, b a 
and only increases as it rises and the pressure becomes greater. 

In some of our manual engines the air vessel is of the worst possible 
form, being in feet a globe flattened on the top, as in C. 

This form has been adopted merely for the pur- 
pose of getting the chamber below the spindle or 
rocking shaft, and, in so far as it serves this purpose, 
it may be considered a useful form ; but, so far as 
the ordinary purposes of an air chamber are taken 
into consideration, it cannot but be denounced a 
one of the worst known forms. 

As to the capacity, the great point is to allow as much elasticity as 
possible to all the parts when under pressure, so that when any obstraction 
occurs, such as that caused by shifting hose, or by a carriage or engine 
passing over the hose, there will be a sufficient space within the chamber 
to allow the water forced forward to enter, and thus save the bursting of 
the hose or damage of the machinery, which would be unavoidable if 
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there were no air vessel or other space to receive the water when 
suddenly checked. 

As a general rule, with a fast-running pump the capacity of the air 
vessel should be not less than about six times that of the pumps. 

As to the position of the air vessel, it is of particular importance to 
have it clear of the wash of the pumps. If this be not attended to, the 
result would be that, at each stroke of the pumps, the water driven 
forward would rush up to or towards the top of the vessel, and at each 
wash would carry forward with it towards the delivery a quantity of air, 
until, after a short time, the vessel would contain all water and no air, 
and would consequently cease to perform the function of an air 
chamber. 

There is also practically another point, more or less connected with 
those already mentioned, which is worthy of consideration. It is this. 
When air and water are placed in contact, there is a tendency in the 
water to vapourise and become mixed with' the air, or — ^to put it in the 
converse way — there is a tendency in the air to absorb a portion of the 
water, and the greater the exposed surface of the water is, the more 
quickly the absorption takes place. When these two substances are 
placed under pressure, the water becomes still more rapidly absorbed ; 
and when, in addition to this, the surface of the water becomes agitated, 
the absorption is still further increased. 

Thus it will be seen that with a fast-running engine the small ill-shaped 
air vessel of an ordinary manual engine, being within the wash of the 
pumps, would be emptied of air in a few strokes, and, becoming filled with 
water, would cease to act as an air chamber almost from the commence- 
ment. Even with the high, capacious, and well-placed air vessels on our 
steam engines, the air disappears after a time, when the pumps have been 
working under a heavy pressure, and this, when it happens, becomes 
quickly known to the man working the engine by the roughness of the 
motion, and to the man at the branch by the jet becoming to a certain 
extent intermittent, and scattering at a short distance. 

Whenever these signs are observed, the air vessel can be replenished 
by lifting the suction-pipe out of the water, and working the pumps with 
air only for a few strokes. The air then fills the chamber, and after this 
the suction-pipe can be dropped into the water, and the engine started 
again as before. 

So far, I have been describing the general action of pumps of various 
kinds ; I shall now explain certain matters for the most part common to 
them all, or the greater number of them, and after that I shall proceed 
to describe the general action of such combinations of pumps, carriages, 
hose carts, &c., &c., as we commonly call Fire Engines. 

Stroke of Piston, — By this term is always imderstood a complete move- 
ment, whether circular, reciprocating, single, double, or any other which 
commences and ends at the same spot. Thus, in a Hft-pump, or a single- 
acting or double-acting force-pump, a stroke is a movement of the piston 
once up and once down, and in a rotary or centrifugal pump a stroke is 
a complete circular movement 

The terms " up-stroke" and "down-stroke" are occasionally used, but 
they are mere conventional abbreviations, and are n<jt intended to convey 
the idea that either of these movements is more than a half-stroke. 



PUMPS. 59 

The Length of Stroke is expressed in different terms, being in all 
piston-pumps the half-movement, or the distance travelled by the piston 
in either direction, but not in both. 

The travel of the piston is the double or complete movement, and the 
velocity is usually expressed by the number of strokes in a minute, or any 
other fixed space of time, multiplied by the travel; or the number of 
strokes multiplied by twice the length of stroke. 

Valves, — The mere term "valve " has been hitherto used to express the 
door or gate through which water is allowed to pass in one direction, but 
not to return ; but this is not intended to convey the idea that all valves 
are of one kind ; on the contrary, they are of infinite variety with regard 
to material, position, amount of area, and many other particulars. 

Almost all valves are of one or other of two principal kinds, called 
respectively mechanical and self-acting. 

A mechanical valve is one attached to a moving part of the machinery, 
and moving with it. It can be used with any machine, but is seldom 
necessary in common pumps, and is consequentiy found chiefly in steam- 
engines and other more complicated machines. It is attached to a disc, 
crank, eccentric, or some other moving part, in such a way as to be 
opened at certain parts of the movement, and to be closed at others, as 
for the slide-valve, which admits steam alternately to both ends of a 
cylinder. 

The valves used in any ordinary pump are almost invariably self-acting, 
by which it is understood, that when the moving parts are at rest they 
are closed, and when the moving parts are in motion the valves rise 
sufficiently to allow a passage to the liquid in one direction only. 

They are made of every variety of material — ^wood, metal, leather. 
India-rubber, and occasionally of a combination of several or all of these. 

They are, moreover, placed in every variety of position — ^vertical, 
horizontal, and inclined ; the soft or flexible valves, however, are not 
always very well suited for the inclined position, but require to be in some 
way strengthened or stiffened for the piupose. 

A very simple common valve is formed by a firame of metal, on which 
is hinged a lid, which rests on a part of the frame called the face. This 
is usually fixed in such, a way as to fall readily when the water has passed, 
and for this purpose it is loaded to a certain extent, if not heavy enough, 
and is fitted with a stop, which prevents it rising beyond a certain 
distance, which is regulated according to the following principle. 

The speed with which a valve opens perfectly and closes perfectly, is 
in exact accordance with the height to which the valve rises, and this 
height is called the lift. 

It need hardly be mentioned that this rule refers to any one valve, and 
not to several valves of different dimensions. 

If any given valve, with a lift of say three inches, can be so fitted as to 
open and shut perfectly 60 times in each minute, and the stop be 
increased to such an extent as to reduce the lift to one inch, the valve 
ought tb open and shut perfectly 120 times in a minute; and if the lift 
be reduced to half-an-inch, the valve should open and shut perfectly 240 
times in a minute. 

Metal, wooden, and other stiff valves, can be placed over an open 
space, and rest on the edges of the opening, but the seat of leather, 
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rubber, and other soft valves, is usually a grating, which allows the water 
to pass freely through, but supports the soft material when pressed on it 

Soft or flexible valves are usually stopped by a grating or guard of 
metal placed over them, touching at the centre or other part, and inclin- 
ing upwards to allow sufficient lift. 

The area of a valve is not that of the metaJ, rubber, or other material, 
or that of the grating or space underneath ; it is the actual waterway, or 
space left open, when the valve is at its ftill lift, and consequently varies 
with the size of the valve and the height of the lift. 

Thus, in a circular valve of 3 inches in diameter and i inch lift, the 
area is equal to 7*1 square inches, being the circumference multiplied 
by the lift ; and in a butterfly valve, 8 inches by 6, with 2 inches lift, it 
is 44 inches, being the length of the sides multiplied by the actual lift, 
and the length of the ends multiplied by the average lift, which in this 
case' is half that of the sides. 

It will be observed that the area of the waterway in a valve is calcu- 
lated without any reference to that of the waterways leading to and from 
it, which may be, and frequently are, very seriously diminished by 
gratings, sharp bends, and defective arrangement of parts, and other 
causes. 

Suction, — ^Wherever it has been necessary to treat of the feeding of 
pumps by atmospheric pressure, I have hitherto generally used the fiill 
expression, as here, but I have occasionally allowed the word suction to 
appear for the purpose of identifying the terms. 

Now, however, after the true principles of the feeding of pumps by 
atmospheric pressmre have been explained, there can be no objection to 
this term ; and as it is frequently used in the course of our business, it 
may be well to give the following short explanation of it. 

The word suction has been much objected to by almost all writers on 
the subject of pumps, inasmuch as, according to their statements, it 
conveys to a student a wrong impression of the operation actually per- 
formed, and leads him to believe that a certain movement of a part of a 
machine has a direct effect on water or other liquid which is at a distance, 
and which has no connexion whatever between it and the moving part, 
beyond the fact that there is a pipe leading from one to the other, which 
pipe performs no act whatever of itself, and merely carries the water up 
when the latter is set in motion by sufficient cause. 

This view has been at all times and in all coimtries so much insisted 
on, that it was impossible for me to avoid yielding to it to the extent 
which I have hitherto done. I have, however, myself no such strong 
prejudices against the use of the word suction ; on the contrary, I have 
always found it a most convenient term, as it enabled me to avoid the 
use of a long roundabout expression. It is a somewhat remarkable 
fact, that no other term has ever been substituted for it by even the 
strongest and most violent of the objectors ; and as the idea has to be 
conveyed very frequently, not only in these pages, but in the course of 
our business generally, I shall give here a short explanation* of the 
actual operation performed, and after that I shall use the term suction 
freely, to convey the idea of feeding or supplying a pump with liquid by 
means of the pressure of the atmosphere acting as a motive power to 
drive it up into the cylinder or chamber. 
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The operation known as sucking consists Simply in expanding the 
mouth, lungs, or other cavities of the body, and connecting the expanded 
part, whether directly or indirectiy, with a liquid under the pressure of 
the atmosphere, the effect of which, on the principles already explained, 
is that the expanded air is reduced in pressure, and the external 
atmosphere acting on the liquid, and being unbalanced, drives the 
latter into the mouth. 

If an opening be made into one part of the mouth, so as to admit air, 
the attenuation of the air within does not take place, and consequently 
the liquid is not driven up. 

An experiment can easily be made with two hollow quills, both lead- 
ing into the mouth, but one in water and the other out, and it will be 
found that no water will run into the mouth, whereas if the inlet for the 
air be stopped the water will be raised instantly. 

This is the operation known in animals as sucking, and in machinery 
as suction ; it is performed in accordance with the same laws of nature 
already explained in the descriptions of the barometer and the air-pump 
respectively. 

Concerning Pumps Worked by Steam. 

After the foregoing explanations, it is almost needless to observe that, 
in principle, there is no difference in the action of a pump, whether the 
motive power be produced by men, by water, by steam, or in any other 
way. In practice, pumps driven by steam are run somewhat faster than 
those driven by hand-power, and consequently the valves are generally 
arranged to work quickly, and for the sake of silence, as well as to avoid 
the risk arising from constant blows, they are generally made either of 
some soft material, or of metal mounted with a soft facing of leather or 
rubber. 

Within the limits of the present work, it would be impossible to give 
even an outline of the several steam-worked pumps hitherto proposed or 
brought into use as fire-engines ; but it may be stated in general terms 
that the best of these machines for such work as ours are those which are 
of the simplest construction, and the parts of which are the most visible 
and accessible. As to the absurd powers attributed to steam fire- 
engines by ignorant or interested persons, it is only necessary to say 
that the real capabilities of the machines can be tested by any engineer 
in the ordinary way by having their horse-power indicated, and that the 
equivalent man-power can be obtained by multiplying the horse-power 

by 5. . 

If an engineer cannot be got for this purpose, the necessary informa- 
tion can*be obtained by getting a number of manual engines together, 
and working them by hand-power until their combined delivery is equal 
to that of the steam-engine. Then divide the number of men by 5, and 
the result will be the horse-power of the steamer. Thus, if the manuals 
worked by 50 men give a discharge equal to that of the steamer, it may 
be assumed that the latter is of lo-horse power, and so on. 

There is another point concerning steam fire-engines which, to pre- 
vent mistakes, it is necessary here to touch on, although it does not 
strictly belong to this part of the subject — that is, the time which they 
take to get up steam. Now, I have seen, probably, more than any 
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living man of these machines, as many even of the makers have only 
seen their own and one or two of other kinds ; whereas I have travelled 
thousands of miles for the purpose, and seen, I believe, every kind of 
steam fire-engine that has been made, and, probably, the drawings of 
every kind that has been thought of, and yet I take a very strong view 
in direct opposition to nearly all those whom I have come in contact 
with concerning the time of getting up steam. 

I own frankly that I have seen steam got up, after a fashion, in 6 or 7 
minutes, and it might be assumed that what can be done at one time 
can be repeated at another ; but this is the very point which I altogether 
deny, unless the element of risk be very largely taken into consideration. 
If that be allowed, of course I acknowledge that a sort of steam-power 
may be got up in about 6 or 7 minutes, but even in that case I deny 
that it is real working steam-power, at least of the kind in which I am 
in the habit of trusting. 

My experience is simply this : — One of these little boilers filled with 
what I consider a proper quantity of water — that is to say, not less than 
six inches above the upper tube-plate — can be made to get up steam, with 
a pressure of loolbs. on the square inch, from cold water in 14 minutes. 
Of this time, 1 1 minutes are spent in making the water boil, and the re- 
maining three minutes in producing loolbs. of steam from boiling water. 

There are numerous devices, or — so to speak — ^tricks, for getting up 
steam in these little machines in less time, but in my judgment they are 
unsound in principle, and dangerous in practice, and ought not to be 
permitted. In the early days of steam fire-engines, and for aught I know 
in the present day, interested persons used to light the fire in an empty 
boiler, and as the boiler-plates and tubes became warm, used to inject 
small quantities of water, which almost instantly flashed into a vapour 
which they were pleased to call steam, but which I should call a highly 
explosive and most dangerous gas. Even now it is by no means unusual 
for such persons to fire up with the water when cold only just on a level 
with the tube-plates, and consequently, when expanded by the heat only 
an inch or so above, the result of which is, that after the engine has been 
at work one or two minutes, it becomes necessary to use the feed-pump, 
which instantly lowers the steam below the proper working point, and at 
the same time causes serious danger of an explosion. 

The number of ways in which men have deceived themselves and 
others about steam fire-engines is infinite, and has tended very considera- 
bly to delay these most valuable little machines being more adopted than 
hitherto for the use of large cities. At the present day, in many cities 
which could be named, a steam fire-engine is run out to a fire, and 
attached at once, by means of the suction-pipe, direct to a hydrant before 
working steam has been raised ; the whistle blows, the pump is put to 
work, water issues from the nozzle, a cheer is heard from the crowd, and 
all concerned are highly gratified at the supposed efficacy of the arrange- 
ments, whereas in reality there is no reason whatever for satisfaction, but, 
on the contrary, a very considerable cause for a feeling of a precisely 
opposite kind, as the steamer, instead of helping the discharge of the 
water in any way, is only obstructing it, and at the same time delaying 
its own production of a proper working pressure of steam, the water being 
forced tiirough the pipes, valves, and pump only by the pressure from 
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the main, and any steam which the boiler would, if allowed to rest, 
accumulate, being absorbed in running the pump for no good. In^ such 
a case the proper course would be to attach the hose first direct to the 
hydrant, and work from the latter, using, at the same time, all possible 
measures for the production of the necessary steam-power, and, as soon 
as this has been attained, to remove the hose to the steamer, and attach 
the steamer's suction-pipe to the hydrant ; any other course is not only 
deceptive but injurious. 

Where steam fire-engines are used, there appears to me to be a choice 
of only two courses with respect to their getting to work ; one is to wait 
14 minutes while raising steam from water at the temperature of the 
atmosphere, the other to keep the water boiling in the engine-house, so 
that the engine when called out will have a sufficient working pressure 
of steam in 3 minutes. The latter of these is the one which I have in most 
cases adopted, and which after the test of years I have no reason to be 
dissatisfied with, as it is has always answered well, enables me to keep 
a very large quantity of water in the boilers, and certainly obviates the 
risk inseparable firom changing the temperature of all the metal com- 
posing the boiler and parts adjacent to it from that of the atmosphere 
to several hundred degrees within a few minutes. 

The mode of keeping the water hot is a matter of detail, but there are 
various ways in which it can be done. One is to keep the fire always 
burning in the fire-box ; but this, though perhaps the most economical, is 
attended with a very great drawback, as smoke and soot accumulate on 
the plates and tubes, and seriously affect the steaming of the machine at 
work. Another way is to have in the engine-house a small fixed boiler, 
with circulating tubes leading to and from the steamer's boiler, and 
capable of being disconnected when the engine is run out. The mode 
which I have adopted, and which has answered very well for many years, 
has been to place inside the fire-box, at a distance of about 2 inches 
below the lower tube-plate, a small coil or ring gas-burner connected by 
means of a flexible tube with the ordinary gas-pipe of the engine-house. 
This keeps the water always boiling without causing smoke or soot to 
accumulate, and the burner can be instantly removed when necessary. 

Whether, however, the water be boiled directly, as with a gas-burner, or 
indirectly through another vessel, the fiiel in the fire-box is in either case 
raised to a temperature of 212° Fahrenheit, and consequently on the 
application of a match ignites very quickly, which is not the case with 
cold fuel. 

The best fiiel for these machines consists of dry shavings, dry fire- 
wood, and steam coal. No oil or spirit should ever be used either for 
lighting up or for quickening a dull fire, as, even if it produce the desired 
effect at the moment, it is certain to leave a deposit of smoke and soot 
on the plates and tubes, and thus to interfere with the steaming of the 
boiler afterwards. 

The management of boilers is, as already explained, in no way 
directly connected with that of pumps ; but in the little machines known 
as steam fire-engines, the boilers are inextricably mixed up with the other 
parts, and, as the subject must be mentioned somewhere, it is for 
convenience brought in here. 
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INTRODUCTORY. 

In order to carry on our business properly, it is necessary for those 
who practise it to understand not only what they have to do, but why 
they have to do it ; and the whole course of my instructions is framed to 
lead to this end. 

No Fireman can ever be considered to have attained a real proficiency 
in his business, until he has thoroughly mastered this combination of 
theory and practice. 

The steps, however, by which alone he can advance in this necessary task, 
are numerous and difficult, and any attempt to shorten or remove them 
can have but one effect, that of substituting superficial for real knowledge. 

While, therefore, the rule is laid down, as already stated, that theory 
and practice are both absolutely necessary, and that their eventual com- 
bination is the end to be attained ; still, in order to classify the subjects 
properly, and to avoid confusion, I consider it most essential that these 
two branches should at first be taught separately, not together. 

This view of the best mode of imparting instruction in the business 
of our profession will be more clearly understood, if I mention that, with 
some few and very slight modifications, precisely the same principles 
apply to the working of the engine now under consideration, and to that 
of many other machines which we have in use, and some of which at 
least a superficial observer might suppose to be of a totally different kind. 

For these reasons I have devoted the following pages to a simple detail 
of the several parts of an engine in common use, with an explanation of 
their respective functions, avoiding as far as possible any reference to 
the principles on which their working depends, inasmuch as all such 
information is comprised in another branch of instruction, and any 
lengthened reference to it here would not only lead to a confusion of 
ideas, which it is most desirable to avoid, but would also prove to be an 
unnecessary and useless repetition. 

Fire-engines are of various kinds. Some are fixed in walls or other 
stationary places, and cannot be moved at all; some are fixed in ships or 
barges on the water, and others in carriages on land ; some are in them- 
selves moveable, and, whether on fixed or moveable foundations, can be 
mounted or dismounted at pleasure ; some are worked by water, some 
by steam, some by manual power, and others in a variety of ways. 

The following is a description of what is commonly known as a six-inch 
manual fire-engine of the pattern nowused by the Metropolitan Fire Brigade. 

This engine consists of a pair of single-acting force-pumps, mounted 
on a carriage with four wheels, and worked by levers, which are attached 
to a spindle passing through bearings in the carriage frame. It is, there- 
fore, so far a fixture that the pumps cannot be separated from the carriage 
without delay and difficulty ; but the whole machine, including the 
travelling and working parts, is moveable, and is made as light and 
portable as is consistent with the necessary strength. 

This description is divided into two heads, the one having reference 
to the carriage and the other to the machinery, and the two are kept as 
distinct as it is possible to do, when treating of a machine, which is in 
point of fact a combination in itself, and contains several parts common 
to both the carriage and the works. 

F 
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THE CARRIAGK 

Wheels. 
This engiiie has four wooden wheels, with iron tires, two hind and two 
fore. The spokes are of oak, the felloes ash, and Uie naves or stocks 
elm ; and inside each nave there is a cast-iron patent axle box, which 
receives the end of the axle, and is covered bj a screw-cap to prevent 
the oil escaping. 

The wheek are dished to such a point that the bottom spoke stands 
u(mg^t. This is effected partly bj the dish of the wheeb and partlj by 
the set of the axle. 

Hind Wheels. 

Each of the hind ¥rfaeels is composed 
of the following parts, namely : — 

One nave or stock, 8| inches deep, 
8| inches in diameter at the centre, 
7i inches in diameter at the inside end, 
and 7 inches in diameter at the out- 
side, bound on the inn^ and the outer 
ends with brass hoops to prevent it 
splitting, and covered on the outside 
with a plate to protect the end of the 
axle and the axle4x)x and cap. 

Twelve spokes, li inches wide, 2 J 
inches deep, rounded off at the edges, 
and 12^^ inches long between the nave 
and the felloes. 

The turned top of the spoke which 

enters the felloe is called the pin ; the 

Hind Wheels. rectangular part which enters die stock 

is called the tennon ; and the part between the stock and felloe is called 

the 1^. 

Six felloes, 2f inches wide, 2^ inches deep, and 19^ inches long, and 
£cistened at the joints with round oak dowels. 

The parts are kept together, and pro- 
tected when travelling, by a strong wrought- 
iron tire i| inches wide and i inch thick, 
fastened on to the felloes with six wrought- 
iron bolts, caUed tire rivets, which pass 
through firom the outside, and are burred 
down on the inside over iron washers, 
countersimk flush with the inside of the 
felloes. One of these rivets is in the 
middle of each felloe. 

The height of the hind wheels, including 
the tires, is 3 feet 3 inches. 

Fore Wheels. 

Each of the fore wheels is composed of 
the following parts, namely: — 

One nave or stock, 8| inches deep, 8^ 
inches in diameter at the centre, 7^ inches 
in diameter at the inside end, and 7 inches 
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in diameter at the outside, bound and covered in the same way as the 
hind wheels. 

Ten spokes, li inches wide, 2^ inches deep, rounded off at the edges, 
and I of inches long between the nave and the felloes. 

Five felloes, 2i inches wide, 2J inches deep, and 20 inches long. 

The tire is if inches wide, and ^-inch thick, and it is fastened on the 
felloes with five rivets, one in the middle of each of the felloes. 

The height of the fore wheels, including the tire, is 2 feet 1 1 inches. 

Axles. 

The axles are of the kind known as long bolted mail axles. They 
are of best faggotted iron, round for about 2 feet in the middle under- 
neath the carriage, square 
for a few inches where the 
springs rest, and round in 
the wheels. • 

Each of the wheels is fas- 
tened on to an arm of an 
axle by three wrought-iron Axles, 

bolts, with heads at one end and screws at the other. These bolts pass 
through the outer wheel-plate, the wooden nave, and the inner wheel- 
plate, and are secured on the inside by nuts screwed on to the projecting 
ends. The inside wheel-plates are prevented by a shoulder on the axle 
from moving out, and consequently the heaving up of the nuts on the 
bolts secures the wheels in their places, without the aid of lynch-pins, or 
any other fastening, on the ends of the axle. There are also leather 
washers inside the wheel-plate at both sides of the collar. 

There are two axles, one hind and one fore, and both are of the same 
dimensions, namely, 2 inches in diameter at the round part under the 
carriage, 2 inches square under the springs, and if inches in the wheels. 
The distance between the shoulders is 3 feet 7I inches, and the total 
length to the ends 4 feet g§ inches. 

The width of the wheels when fixed on the axles is 4 feet 7^ inches to 
outside the tires, and 5 feet i^ inches to outside the naves. 

Springs. 

The carriage is hung on two pairs of best town-made steel springs, 
fixed at one end and moveable at the other. 

« 

Hind Springs. 

Each of the hind springs consists of 10 steel plates 2^ inches wide, 
each plate a quarter of an 
inch thick, and consequently 
the whole 2i inches thick 
at the centre, and with an 
average spread of 2 feet 8 
inches from end to end. 

The hind springs are fas- 
tened to fixed shackles at 
the hind end, and moving 
shackles in front The 

shackles are not attached Hind Springs and Cross-bars.— Perspective. 

Y 7, 
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direct to the wood-work of the carriage, but to wrought-iron bars which 
pass across under the bottom, and are called respectively the front 
and hind cross-bars of the springs. 

The hind cross-bar has at each end a pair of lugs projecting upwards, 
and forming a shackle to hold the boll^ which also passes through the 
scrolled top plate, and so fixes the spring at the hind end. The front 
cross-bar is rounded at each end so as to form a bolt or pin to pass 
through the lower ends of a pair of moving shackles 4I inches long, 2 
inches wide, and ^-inch thick, to the upper ends of which the scrolled top 
plate is attached by a short bolt, which secures the spring at that end, 
but allows it sufficient play by the moving of the shacldes. 

The cross-bars are 2 inches in width, and are made of J-inch iron in the 

middle, but are somewhat thicker towards the 
ends where the strain is heaviest on them. 

The plates of the springs are fastened in 
the centre with a small wrought-iron bolt, 
which passes from the bottom upwards 
through a hole cut for the purpose, and so 
keeps them together, and they are also kept 
in their places by projecting studs working 
in slots in each other. A small hole is 
Soring Clip and Axle Plate. counter-suiik in the top of the a^dc to take 

Hind Springs and Cross-bars.— Plan, the head Of the bolt whlch paSSCS thrOUgh. 

The springs are attached to the axles by bent pieces of half-round 
iron, with screw ends, called the spring clips. 

The springs are first laid over a small leather washer on the axles at a 
right angle, and with their middle over the part of the axle squared for the 
purpose. The clips are then placed over the springs with their screw 
ends downwards. A flat plate of metal, called the axle-plate, with four 
holes drilled in it to take the four screwed ends, is then sHpped up 
from underneath the axle ; nuts are placed on the screws, and the whole 
hove up tight with a spanner, so as not to shift when the carriage is 
subjected to heavy strains in travelling. 

The hind cross-bar of the springs is pierced with four drilled holes, 
and the bottom of that part of the carriage, called the cistern, with a 
corresponding number ; the carriage is then placed on the cross-bars ; 
'-.crew bolts with square heads are driven through the holes from above, 
and secured underneath with nuts, which are hove up tight with a 
spanner, and keep the whole together. 

The front cross-bar of the springs is pierced with the same number of 
holes, and fastened at the two inner holes in the same way as the hind 
cross-bar. It is, however, fastened at each end, not by a bolt merely 
driven through the bottom, but by a nut screwed on to the projecting 
end of a flat strengthening plate, which passes up inside the carriage 
frame, and is bent round over the top. 

The pins, which take the scrolled plate of the hind springs in both the 
front and hind shackles, are for greater safety driven in from the inside 
towards the outside, and consequently, when it is necessary to remove or 
dismount a spring, the cross-bar bolts must be drawn, and the cross-bar 
removed from its place under the carriage, in order to get room to drive 
the pins back. 
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The hind axle is fixed at a right angle to the central or fore and aft 
line of the carriage, and consequently the hind wheels run in lines 
parallel to each other, and to the central line. 

Fore Springs. 

Each of the fore springs consists 
of eight steel plates 2i inches wide, 
each plate i inch thigk, and the 
whole 2 inches thick at the centre, 
and with an average spread of 2 
feet 7 inches from end to end. 

The plates of the fore springs are 
fastened together in the same way 
as those of the hind, and the springs 
themselves are secured on the axles 
with plates, clips, washers, and nuts, 
as before described. Fore Carriage Plan. 

They are attached to fixed shackles in front, and to moveable shackles 
at the hind end, and are, so far, nearly the same in most points as the 
hind springs, but here all similarity ceases, as the function of the fore 
wheels is in many respects essentially different from that of the hind, 
and the general arrangement by which they are attached to the carriage 
is altered accordingly. 

The fore wheels are not fixed to travel in lines parallel to the central 
line of the carriage. They are attached to the axle in such a way as to 
keep lines parallel to each other, but they are arranged on a centre or 
pivot, so as to turn in every direction. The frame or structure by which 
this is accomplished is commonly called 

The Fore Carriage, or Locking Carriage. 

The fore carriage consists of two flat bars of wrought-iron laid on edge, 
crossing each other at a 
right angle, and welded 
into one piece. It pre- 
sents the appearance of 
four arms springing from 
a common centre, where 
it is perforated with a 
hole to take a round 
wrought-iron bar, called 
the perch bolt, by means 
of which it is connected 
with the front of the 
main carriage. The total 
length of the cross arms ^^^^ Carriage.— Perspective. 

from end to end is 3 feet 9 inches, and their average depth 2 inches, 
slightly increased towards the centre, and diminished towards the ends ; 
their thickness is |-inch. The diameter of the perch-bolt is i^ inches 
bare, and that of the hole in the centre which receives it i^ inches full. 

At each of the hind ends the extremity of the arm is pierced with a 
hole running horizontally and athwart to take the upper pin of a pair ot 
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moving spring shackles; and at each of the front ends, the extremity of 
the aim is fitted with a pair of lugs turned downwards, and pierced with 
a hole ninning horizontally and athwart through both sides, tiius fonning 
a pair of fixed shackles to carry the pin which passes through the scrolled 
plate of the springs. 

From outside these lugs two flat pieces of iron, of about the same 
dimensions as the arms before described, rise with a sweep to a height 
of 8^ inches ; these are called the heads of the locking carriage. 

Across the top of these there is attached a cross-piece made of an 
angle iron, filled up with wood inside to stiffen it, the whole bolted 
tc^ether and fonning a bar of 3 feet gi inches long and 2 inches square 
called the splinter bar. 

Each of the fore springs is fastened at the front end by an ordinary 
bolt passing through the pair of fixed shackles on one of the front cross 
arms of the locking carriage, and at the hind end by a bolt passing 
through the lower ends of a pair of moving shackles, the upper ends (rf 
which are attached to the eye in one of the hind cross-arms by a bolt or 
pin in the usual way. 

The dimensions of these shackles in inches are as follows : — 

Widt. Long, Thick. 

Fixed shackles on hind cross-bar . . zj x z| x i 



Moving „ on front 

Fixed „ on front cross-arm 

Moving „ on hind 



2i X 4J X i 
H X 3j X i 
44 X i 



It will be observed that the springs are fixed at their outer ends, and 
moveable at their inner ends. That is to say, the fore springs are 
stationary at their fore ends and moveable at their hind ends, and the 
hind springs stationary at their hind ends and moveable at their fore 
ends. The effect of this is, that when a weight comes on the carriage, 
the springs spread inwards, and the axles move slightiy towards each other. 

On the cross-arms of the locking carriage, and concentric with them, 
there is placed a pair of circular flat rings of iron J inch thick, i^ inches 
wide, I foot 9i inches in diameter on the outside, and i foot 6^ inches 
on the inside. These are called the transom-wheel plates, and they are 
distinguished from each other as the lower and upper rings. 

The lower ring is secured to the cross-arms by bolts driven from the 
top. The heads of these are flush with the top face of the plate, and 
the lower parts have screw ends, which pass through perforated projecting 
lugs forged on the arms, and are hove tight with screw-nuts. 

The upper ring is attached to the main carriage by means of four 
turned ash supports, called pedestals, 
' and by a strong wooden .block, which 
carries the front part of the main car- 




The following are the dimensions of 
the pedestals : — 

Diameter . , . i| inches. 
Length in front . 8| „ 

Front Beat Blocks, Pedestals, 4c. Length behind . . 9^ „ 

The difference in length is caused by the two hind pedestals being 
fastened direct to the bottom of the carriage, and the two in front to the 
bottom of the connecting piece which joins die two front brackets. 
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Then is a hole completely through each of the pedestals, and a bolt is 
passed up ftom below, where its head is flush with the lower part of the 
top ring of the transom-plate, and fastened at the upper end by a screw- 
nut, hove up tight over an iron washer. There are also holes in the block 
which receive bolts, passing through the top ring and secured above by a 
nut over an iron plate. 

The wooden block is of oak, gi inches deep, zi inches thick, 3 feet 
i-J inches long above, and 2 feet 9i inches long below. 

There are projections on the lower parts of the ends of this block for 
receiving the blow of the' pump-levere when at work, and it is con- 
sequently called the front-brat block. 

In the centre of this block there is a circular vertical hole, through 
which the perch-boll passes, so as to keep the centres of the transom- 
plates together. 

The perch-bolt is a circular bar of wrought irtm, i| inches in diameter, 
with a head on top to keep it from falling through, and a ^^^^^^^^ 
split-key below to keep it from jumping out The exact ^^^^^^^^^ 
length necessary as a pivot for the transom-plates, allow- 1 | 

ing for an iron washer above and below, is i foot 2^ Pwdh-BojiMidSpiit- 
inches, but the perch-bolt is made i foot jj inches long '^' 
from the head to the key, to allow some play on the rings, and thus, to a 
certain extent, relieve the fore part of the carriage from jerks when 
travelling rapidly over uneven ground. 

The total length of the perch-bolt, including head and end, is i foot 6 
inches. 

On the ends of the splinter-bar are fixed a pair of hooks, which carry 
the sway-bars, and inside these a pair of eye- ^e 
bolts, to take the pin which attaches the drag- 
handle. 

Under the middle part of the splinter-bar is , 
fixed a wTOi^ht-iron frame, i^ inches wide, Spiinter-Bu, wiih front Poie-iniii, 
i inch thick, and about 4 inches square, through which the pole passes. 
TTiis is bolted on underneath the splinter-bar and is called the front pole- 
iron. And underneath the front cross arms of the fore carnage between 
the transom plates and the perch bolt is fixed a correspond ng p ece of 
the same width and thickness but only about 3 nches square This 




Plin of underiide 
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receives the thin end of the pole, and is called the hind pole-iron. Both 
these irons are on the underneath or locking carriage, and not on the 
main carriage above ; and the moving of the pole to either side conse- 
quently has the effect of turning the whole of the fore carriage and the 
front axle and wheels in the same direction. 

Underneath the front beat-block there is a strengthening-plate, extend- 
ing across and perforated with five holes — one for the perch-bolt, two for 
bolts which pass through the bottom of the carriage, and two at the ends, 
with the holes previously mentioned, which take two of the bolts of the 
top ring. This is called the cross-bar of the transom-plates. 

Inside the bottom, at the front end, where the perch-bolt passes through, 
there is a flat bar of iron, i^ inches wide, A inch thick, and i foot 9 inches 
long, which goes completely across, from side to side. This is called the 
perch-bolt plate, and it serves not only to hold the top iron washer and 
head of the perch-bolt, but also to secure the bolts which fasten the firont 
beat block to the main carriage. 

The heads of the locking carriage are made to such a height, and the 
splinter-bar cut to such a length, that the whole may be turned com- 
pletely round underneath the body of the carriage, passing in at one side 
and coming out at the other, and no engine Hkely to be used in the 
narrow streets of a town can be considered really effective unless the 
locking carriage can do this, with a clear space of two inches between it 
and any part of the main carriage. 

There are holes cut through the rings or transom-plates, in such places 
that when they come together the front wheels are perfectly square, and 
there is a pin, hanging by a chain close by, which can be dropped into 
these holes, and keep the transom-plates fixed. This is called the 
locking-pin. 

Pole, Shafts, &c. 

This engine is supplied with a pole and a pair of sw«iy-bars for two 
horses, a pair of shafts for one horse, and a drag-handle for men. 

The pole is of ash, 11 feet 3 inches long, about 3^ x 3i at the lower 

end where it enters 
the socket, but ta- 
pered away at the 
front end to 2^ 
inches round. 
Pole. It is fixed in the 

pole-irons by a spring mounted at the hind end, and has a square 
wrought-iron shoe at the inner end to take the hind pole-iron. It is also 
fitted at the outer end with a ferrule, a staple or spike, and a swivel with 
chains and hooks 3 feet long to take the rings on the collars of the 
horses. 

The sway-bars are of ash, rounded, 2 feet 7 inches long, 2^ inches 

@ diameter in the centre, tapered to 2 inches at 

^p^g^^^^^^KlB^ the ends. They are each mounted with three 

V >o wrought-iron sockets, the centre with a forged 

Sway Bar. eye to take the hook on the end of the 

splinter bar, and the end ones with hooks to take the traces. 
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The shafts are of ash, 7 feet 6 inches long, made of 2-inch plank. 




Shafts — Perspective. 

They are 2 feet apart at front, 3 feet in the middle, and a little under 2 




Shafts — Side view. 

feet at the hind end, and are fastened on to the sphnter bar by a bolt 
passing through eyes. 

The drag handle is also of ash, 5 feet long, 3 inches by 2 1^ at the 
inner end, and tapered away to 2^ inches square at the outer end. 

It has at the bottom 
a T end, 2 feet long 
and 3 inches square, 
slightly tapered to- 
wards the extremities, 
and mounted with 
eyes to correspond 
with those on the 
splinter bar, a pin 
passing through all to 
keep it in its place 
when in use. 

The pole part of Drag Handle. 

the drag handle is morticed in to the cross part, and secured by 
a bent wrought-iron plate, which passes round the bottom and up 
the pole to a distance of 12 inches. This plate is fastened to the 
wood with nails. 

The drag handle is kept square by two stay irons from the ends of the 
cross piece to the pole part at a distance of 15 inches from the joint. 

At the top there is a flat handle 2 feet 6 inches long, i inch thick, and 
3 inches wide, morticed through the front end of the pole part, supported 
by two iron stays fastened with screws, and the end of the pole part kept 
from splitting by another bent flat bar or strap, passing over the top, and 
coming down about 1 2 inches. 
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Main Carriage. 
The m^n cairiage proper consists of a rectangular frame of weD- 
seasoned mahogany, rabbitted at the comere, and grooved to half depth 
at sides and bottom. It is fastened by nails, driven in at bodi sides, 
and bound with twelve wrought-iron angle or comer plates, six behind, two 
in front of the break, or fore part of the cistern, and four in front of alL It 
is on the outside 7 feet 3 inches long, and 1 foot irj inches wide. It is 
8 inches deep from the front end for a distance of 3 feet 7^ inches, and 
1 foot 7i inches deep for the remaining distance, 3 feet 7 j inches, to the 
hind end or stem. 




Top Plan, with hose-box removed. 

The sides and ends are ij inches thick, and the bottom li inches. 

It is separated in the centre by a mahogany cross-piece, 1 inch thick 
on the top, and li inches below. This lower part fonns the front end 
of the cistern, and is called the break-piece. 

The deep part is called the cistern, and the shallow part in front forms 
the bottom of the hose-box. 

In the bottom of the cistern there is a hole, which, when not required 
for letting water out, is stopped by a wooden plug. 

Underneath, and at the sides of the front end, there is bolted on a pair 
of ai-inch oak brackets, 8^ inches wide above, and 7 inches below. 
These form the front ends of a pair of side pockets, which hold two 
lengths of suction-pipe each, and they are strengthened by a tie-piece, 
also of oak, which passes underneath the carriage, and is dovetailed on 
to them. 

The hind ends of these pockets are formed by another pair of 2i-inch 
oak brackets, 8^ inches wide above, and i foot 6 inches long, bolted on 
to the hind end of the side. 

The lower part of these brackets is curved so as to form a striking 
bed for the pump-levers at the hind end, and, where it is so shaped, is 
called the hind-beat block. 

The bottom and sides of these pockets are of g-inch white deal, and 
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the lid or flap is a rectangular piece of i-incli white deal, 7 feet long, and 
Si inches wide, fastened with three cranked back-flap hinges, and 
strengthened widi two flat plates screwed on inside, and so placed as to 
divide the length into three parts. On the outer sides there are placed 
small studs, which enter corresponding holes in these strengthening-plates, 
and serve to keep the sides and top in their places. 

At the bottom of the suction-pockets there are several grooves leading 
to a set of i-inch holes, through which any water that enters is allowed 
to run off. 




through valve chambers, &c 



Hose Box. 

Above the main carriage there is a laj^e square case, called the hose 
box, but includii^ also the driving seat 

This is 6 feet 1 inch long, and i foot io| inches wide. It is i foot 
7 inches deep for a distance of 4 feet 11 inches from the hind end, and 
2 feet 3^ inches for the remaining distance where it forms the driving seat 

The sides and ends are of meSiogany, 1 inch thick. 

The Ud is of white deal, i inch thick, and strengthened with 3 battens 
or ledges, each 3 inches wide, i inch thick, and 1 foot 8i inches long. 

It is fastened to the sides by 2 chest hinges, and is hung when open 
by a piece of chain, with staples, which prevents it going back too far. 

About 2 inches below the level of the lid of the hose box, there is a 
false bottom under the driver's seat, and a small hinged Ud on top. 
This place serves to keep tools and other small gear, and is called the 
fore pocket. 
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Round the top of this pocket there is a raised mahogany ledge, about 
4 inches high at the back, surmounted by a small rail of i-inch round 
iron 3 inches high, called the driving seat rail. 

On each side of the fore pocket, nearly on a level with the driving 
seat, there is fastened a block, which holds the lamp socket or lamp iron. 
From the front end of the hose box, 1 foot 8 inches below the driving 
seat, two irons project forward to carry the driver's foot-board, which is a 
piece of mahogany i foot 7 inches wide, r foot 3 inches deep, i inch 
thick, and strengthened at the hind end by a quarter round baton 
running across, called the heel-piece. The foot-board irons do not spring 
straight from the front, but are bent round with a sweep to allow room 
for the movement of the cross arms of the front lever, the use of which 
will be explained further on. 

The lid of the hose box is mounted on top with two round bent bars 
of wrought iron, J-inch thick, which stand across, and are called the 
hand-rails; and each of the sides of the box is mounted with two bent 
flat pieces of iron i^ inches wide and i-inch thick, bolted on, projecting 
outwards 4 inches and bent up at the ends r inch to carry the kidders ; 
these are called the ladder hooks. 

This box is mitre-dovetailed at the angles, and is further secured by 
being strongly bound on the outside with six wrought-iron angle or 
comer-plates, 4 behind and 2 in front These plates are 2 inches wide, 
i-inch thick, and run 5 in^es in each direction from the angle. The 
box is further strengthened by 2 wTought=^iron angie-plates inside, the same 
width as the outer angle- 
plates, but i-inch thick, 
running 6 inches in each 
direction, and taking in 
front the bolts which festen 
the foot-board irons. The 
wood-work at this part is 
further strengthened by two 
battens inside, each 1 foot 
5^ inches long, 7 inches 
wide, and i inch thick. 

The hose box is carried 
on the frame of the main 
carriage, and is attached to 
it by 4 plates or stay-irons, 
i-inch thick and li inches 
wide, firmly 'bolted on to 
the box above and to the 
inside of the frame b^ow. 
Inside the carriage frame, 
at the hind end, there are 
placed perforated boards, 
which allow water to pass 
through, but prevent stones 
or dirt getting into the ma- 
chinery when the pumps 
are worked from the cistern ; 
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and inside the hose box, over the cylinders, there are placed covering 

boards to protect the works from above. 

All these boards are loosely fitted in, and having no fastening, can be 
removed whenever it is necessary to get at the pistons, cylinders, or any 
other part of the machinery. 

The capacity of this engine for stowage is as follows : — 

Side Pockets. 17 cubic feet 

Fore Pocket i'4 „ 

Hose Box . . , . . . I7'6 „ 



or about 3o| cubic feet 



Total , . . 20-7 



THE WORKS. 




The works consist of a pair of single-acting force-pumps, with an inlet- 
pipe, four valves, an air vessel, two delivery-pipes, a rocking shaft, levers, 
and handles. 

Sole Plate. 

The sole plate on which the works are fixed is a box or bed of cast 
iron, comprising the bottom, sides, and part of the top of two pairs of 
vaJve-boxes, one pair behind and one in front ; flanges 
to receive the corresponding flanges of the cylinder 
and the bottom and sides of two waterways, one at i 
each side. 

On the bottom of the sole-plate there are cast four ^ 
projecting lugs, two at each side, with a hole in each, 
through which square-headed screw-bolts are passed 
from above, and, going through the bottom of the cistern, vaive?. 

are fastened underneath with nuts over iron washers. These bolts serve 
to keep the works in their place, and are called the hoiding-down bolts. 
The front pair, which have a greater strain, are further strengthened by 
passing through a flat bar of iron, ^inch thick and i| inches wide, 
which goes across underneath that part of the cistern. 

The waterways commence at the hind or stem end of the valve-box, 
where they are separated, and pass forward, each through one part of the 
hind valve-box, underneath the cylinder at the same side, and through 
the front valve-box, in front of which they come together again, thus 
forming two curved channels, starting from the same point behind, and 
joining again in front 

Suction Inlet. 

On the hind end of the sole-plate there is a flange, which takes the 
corresponding flange of a short gun-metal pipe, leading from the outside 
of the cistern, and called the suction inlet-pipe. The flanges are firmly 
fastened together with four strong gun-metal screws, a leather washer 
beii^ placed between to make the joint air-tight. On the end of the 
suction inlet which protrudes from the hind part of the cistern 2 
inches, there is a male screw to take the corresponding female screw of 
a flexible suction-pipe, and, when the pumps are not at work, this is pro- 
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tected by a screw-cap of gun-metal, which is attached to the outside of 

ihe cistern by a small chain or staple. Inside the 
cistern the suction piece is perforated with a screw- 
hole, 2^ inches in diameter, to admit water from the 
cistern, and when the engine is working by atmos- 
pheric pressure, or, as it is called, suction, this hole 
Key and Cap for suction- ^s closed by SL guu-mctal Cap, with a leather washer 
pipe inside cistern. and SL male scrcw, workcd by a wrought-iron rod 

and handle from the top. The suction inlet has a clear round waterway 

of 2^ inches in diameter. 

Suction-Valves. 
The suction-valves, two in number, are made of gun-metal, and are of 

a ^9 ^Sl HH ^^ ^^^ commonly known as hinged inclined 
Bl 4 BbI metallic valves. Each valve consists of the fol- 
Vaives. lowing parts, namely : — 

A frame or seat, on which an inclined flat surface is formed by planing. 

A lid, with a corresponding surface to rest on the face. 

These two surfaces are ground together, so as to be perfectly air and 
water-tight 

A brass pin, which passes through two lugs on the top of the frame and 
the top of the lid, thus forming the two into a hinge. The pin is slightiy 
tapered, fitting tight in the lugs of the frame and slack in the lid, and, to 
prevent it moving round in the frame, it is stopped by a small projection 
at the large end, fitting in a corresponding recess, and called the joggle. 

A stop, cast on the back of the fid, and cut to the correct size to allow 
the exact opening necessary for the water to pass through freely, but not 
to retiun. 

The frames of the valves are rectangular, nearly square on the outside 
and round inside, and they are dropped into corresponding slots in the 
sole-plate, and firmly fixed in their places by two gun-metal wedges, called 
keys, which are driven in from above, and filed off flush with the top. 

They are dropped in to such a distance, that the round internal part 
over which the Hd rests is almost exactly opposite or in front of the 
remainder of the round waterway, and the lid is allowed to lift to such a 
height as to form a waterway, with the necessary area. 

These valves are self-acting — ^that is to say, they are not fastened 
by means of connecting rods or otherwise to any of the moving parts, and 
consequently not set in motion by any direct action of machinery, as is 
the case with mechanical valves, but are opened by the pressure of the 
fluid, whether air, water, or any other substance, which is passed through 
the pump, and when this pressure ceases, close of their own accord by 
gravitation. 

The lift of these valves is li inches, and the area of the opening is 
4*9 square inches. 

The force necessary to open them is a pressiure of '254 lbs., or in round 
numbers about i lb. on the square inch. 

Valve-Box Covers. 

Those parts of the sole-plate which form the valve-boxes are smoothly 
planed on the top or surface, and the covers, which, like the boxes, are 
of cast-iron, are also planed. 
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A leather washer is placed between, and the lids are fitted on with 6 
gun-metal turned screw-bolts, with slit heads, hove firmly down, so as to 
form a thoroughly air-tight and water-tight joint 

Each of these lids covers a double vaJve-box, separated in the middle, 
and holding the valves for both sides, but without any connection together 
beyond the fact that the two boxes are for convenience made in one casting. 

The firont and hind valve-boxes are somewhat different in this point, 
the hind one being completely divided into two parts, and the firont only 
divided up to the point at which the valves are fixed ; both, however, 
are so arranged as to keep the waterways perfectly distinct and separate 
for the two pumps. 

Cylinders. 

The cylinders, or barrels, of which there are two, are 
of gun-metal, 1 1 inches long, A-inch thick, with a flange 
at 3ie lower end projecting fths of an inch, to take the 
corresponding flange on the sole-plate, a strengthening 
bead or projection ^ an inch wide on top, and a strength- Cylinders, 
ening band in the middle if inches wide and |-inch thick. Each 
cylinder is in one casting, and this arrangement of flange, band, and 
bead, is made for the purpose of combining strength with lightness. 

They are accurately bored out to a diameter of 6 inches inside, and 
turned and polished on the outside. 

They are fastened down to the sole-plate, each with 5 gun-metal screw- 
bolts. 

The barrels axe, as before mentioned, 11 inches in length, but they are 
cylindrical for a distance of only 10 inches from the bottom, the 
remaining inch at the top end being somewhat bevilled off" for the fi:eer 
admission of the pistons. 

Delivery-Valves. 

The front or delivery-valves, with their boxes and covers, axe almost 
precisely the same as the hind or suction-valves already described, except 
in the point previously mentioned. 

The area of the opening of these valves is 3*9 square inches. 

Delivery-Branch Piece. 

On the front part of the delivery-valve box there is a 
vertical flange, to which is attached, by means of 4 screw 
bolts with a leather washer intervening, another flange on a 
gun-metal casting, which receives the water from both 
cylinders. This gun-metal pipe has a water-way of 3 inches DeurT^tanch 
in diameter. It runs forward in a straight line 6 inches. Piece, 

and is there separated into two branches, each 6 inches long, and ter- 
minating in a flange. This is called the delivery-branch piece. 

Air-Vessel Screw. 

In about the middle of this pipe, or at the point where 
the straight part separates into branches, there is on the top \% 
a circuki opening of 2f inches in diameter, and above this Air- Vessel Screw. 
there is a ledge or ridge of metal i inch high, with a male screw cut on 
its outside. This is called the air-vessel screw. 





8o description of a six-inch manual fire-engine. 

Air Vessel. 

On this there is screwed, with the usual intervention of a 
leather washer, a chamber of hammered copper, made in 
two pieces, lapped and closed in the middle, so as to form 
a horizontal joint, and with a gun-metal female screw 
below. This is called the air vessel In order to obtain 
Air Vessel. ^|^g greatest capacity, and at the same time the best shape 
of which the available space admits, the air vessel is made somewhat 
in the form of a globe, slightly flattened on the top and bottom, so as 
to clear the rocking-shaft or spindle, which passes along over the whole 
of the works, from the hind to the fore part of the engine frame, and 
the use of which is described further on. 

The height of the air vessel is 13 inches ; its greatest diameter is 17 
inches ; and its capacity 1,870 cubic inches, or 6f gallons. 

Outlet-Pipes. 

ff^ A ^^ ^^^ flanged ends of the delivery-branch piece there 

^^M 11 ^^ fastened, by means of corresponding flanges with 

lH IB washers, and four gun-metal screw-bolts each, short pieces 

Outlet-Pipes, of guu-metal pipe, with a waterway of 2 J inches in diameter. 
These pipes pass through the wood-work underneath, and extend outside 
to a distance of 5 inches, where they terminate in male screws, which, 
when not in use, are covered by gun-metal caps hung on chains and 
staples for the purpose. These are called the outlet or exit-pipes. 

They are placed one at each side in front, and for general convenience 
are turned slightly downwards. 

Both these pipes receive equally any water that may come from the 
branch-piece under the air vessel, and, although at opposite sides, they 
are in direct communication with each other, without the intervention of 
valves ; consequently, if it be desired to draw the water off from only one 
side, it is necessary to close the other exit-pipe with the cap. 

It will be perceived that, up to a certain point, there is a single inlet, 
which branches off into two channels^rone passing through the left-hand 
or near side suction-valve, under the left-hand cylinder, and through the 
left-hand delivery-valve, the other passing through the right-hand suction- 
valve, under the right-hand cylinder, and through the right-hand delivery- 
valve — ^and that, after passing the delivery-valves, these two channels join 
into one, and, after going a short distance in this way, again separate into 
branches, and terminate one at each side of the cistern in front 

Pistons. 

Each of the pistons consists of two parts, made of turned gun-metal. 

These parts are 5I inches in diameter, |-inch deep 
at the edge, and a little thicker in the centre round 
the piston-rod hole, but cut away from within half- 
an-inch of this hole to within i of an inch of the 
outer rim, and filled up with a small block of wood, 
thus making a smooth surface at each side, and 
leaving the whole nearly the same thickness as the 
Piston Cups. edge and centre. In the lower part this cutting 

is at the top, and in the upper part it is at the bottom, so that when the 
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two parts are brought together, they present the appearance of two solid 
discs or circular plates of gun-metal, with a i-inch hole through the centre. 

The pistons are mounted on the outside with leather coverings, to 
make them fill the cylinders, touching at every part round the edge, but 
not fitting so tightly as to cause heavy fiiction when they are put in 
motion. These leather coverings are called cups, and they are formed 
in the following way. 

A flat piece of A-inch leather is softened by being soaked in oil, and 
is pressed down into a mould of the required size, so as to form a hollow 
chamber or cup, consisting of an end or bottom and a rim. In both 
parts the end is placed inside; that is to say, it is on top of the 
lower part and under the upper part ; and the rim goes round outside. 
This has the effect of making a complete covering round the edge, with- 
out any joint at all, and of securing this covering in its place without any 
fastening beyond that by which the two parts of the piston are kept 
together. The leather cups on the top are trimmed off flush with the 
siirface of the upper part of the piston, and so allow oil or other 
lubricating substances to get access to the inside of the cylinder, and 
consequently, to a certain extent, to the whole of the rim of both cups 
when the pistons are in motion. The lower cups are differently fitted ; 
they are allowed to protrude i of an inch below the lower part of the 
piston, and the protruding part is bevilled off from the inside, leaving 
the extreme or lower part a thin lip or feather edge, which is easily 
forced outwards towards the cylinder, so as to touch in every part with 
only such pressure as is required. 

When a piston becomes slack in the cylinder, it can be tightened by 
a packing in the following way :-^- 

It is first drawn out, and the rim of the cup pressed outwards, so as to 
leave a space between it and the metal block. A thin piece of soft 
hemp or cotton, somewhat in the form of a piece of small twine, but 
with the fibres straight, not twisted, is passed round the metal block 
several times on the slack part until the requisite thickness is attained, 
after which the leather is pressed back into its proper position, and the 
piston replaced in the cylinder. It is impossible to make a proper 
packing with twisted twine, or with hemp, or other material containing 
lumps. It is also impossible, or very nearly so, to make a proper pack- 
ing by a single piece of any substance passed once round, as there must 
in such a case be a rough spot somewhere near where the two ends 
come, and wherever there is a rough spot there must be either a leak or 
an undue amount of friction. 

The depth of the metal part of a piston is i-} inches, and of the whole 
piston, including the ends of both cups and the protruding part of the 
lower one, is if inches, which makes a total touching surface of 30^ 
square inches. 

The two parts of the piston are held together by the lower part of the 
piston-rod, which passes through from the top, and has a nut firmly 
screwed on below and hove up tight over an iron washer. 

PlSTON-ROD. 

In ordinary cases a piston-rod is the connecting piece which is at- 
tached to a piston for the purpose of either receiving motion from it or 




82 DESCRimON OF A SIX-IXCH MANUAL FIRS-EN(HN£. 

imparting motion to it, but in a fire-engine of the kind in question the 
piston-rod can be hardly said to perform such a duty, as it merely serves 
to hold the ends of the rods by which the motion is s^plied, and in 
otl\er respects is entirely unlike what is usually known as a piston-rod. 

Each of the piston-rods of this engine consists of a rectangular metal 
frame gi inches long, and 3^ inches wide on the inside, with a screwed 
stem d I inch in diameter and 3 inches in length below, and a round 
rod I of an inch in diameter and io| inches in lei^ith above. 

The fiame is of malleable cast-iron i inch wide, and i^inch thick in 
the sides, but swelled considerably both in width and thickness near the 
lower end, where it is pierced horizontally with a pair of holes to cany a 
bolt or pin, which will be described further on. The top end is i inch 
wide and ^inch thick, and the bottom end swells to a width of 2i 

inches in the centre, and has a thiVVnp<;R of i| of an inch 
ff 1I V throughout 

I 11 1 The lower part or stem is passed 

w JM through the two parts which form the 
piston. It rests on the lower end of 
the fiame, and is secured, as previously 
described, by a nut screwed on over an 
iron washer. The width and length 
of the bottom serve to keep the whole 
fiame perfectly upright, and the rotmd 

piece at the top is consequently in a 

Sling*, FistoD-Rod, straight line with the centre of the 

and Piston. pistOn, and, in fact, occupies exactly Vertical section of Pumps. 

the same position as it would if it were made to spring firom the centre 
of the piston itself, and not from the top of the rectangular fiame. This 
roimd piece is called the guide-rod. 

Guide-Bar. 

At a height of 11 inches above the cylinders there is a flat bar of 
iron f -inch thick, and for the most part li inches wide, running across 
over the centre of the cylinders, and supported at its ends by the extre- 
mities of a pair of the same stay-s, which are used for connecting the 
hose box to the carriage frame, and to the screwed ends of which it is 
fastened with nuts. 

This bar is somewhat swelled in width over the centre of each cylinder, 
and is there pierced vertically with a hole fitted with a bushing of gun- 
metal i of an inch thick and | of an inch deep. These are called the 
guides, and that part of the piston-rod called the guide-rod passes 
through them, and when in motion works up and down in them, thus 
keeping the pistons always straight in the cylinders. The cross-bar here 
described is called the guide-bar. 

V 

Slings, 

Inside the fiame there are placed two flat connecting-rods called 
links or slings. These are pierced above and below with transverse 
holes, which carry turned wrought-iron |-inch pins to connect them at 
the lower end with the piston-rod fiame, and at the upper end with the 
estremity of a short cross-lever or working beam, through which motion 
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is applied. These pins axe called respectively the upper and lower sling 
pins, and they are secured in their places by having a head at one end 
and a hole with a split key through it at the other. The split keys are 
half let in to the slings and frames to prevent the pins turning. 

Spindle. 
Motion is communicated to the pistons in the following way. 




ssi;^ 




s^= 





Levers, Handles, and Rocking-Shaft. 



There is a spindle or rocking-shaft of wrought iron, if inches in 
diameter and 7 feet 1 1 inches in length, running along through the middle 
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Front and hind 



taiL, J. ilia uiac^K 
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part of the carriage, from back to front, and supported on 

three gun-metal journals, those at the ends being secured 

to the frame of the carriage with three turned bolts 

and nuts each, and the remaining one fixed on a strong 

wrought-iron bracket, which passes across the carriage 

frame, and is fastened at each of its ends with three turned BearingBrasses. 

bolts and nuts, thus binding the frame firmly at that part. This bracket 

is flat, and placed on edge ; it is i inch thick and 

if inches deep, and is fixed within 4^ inches of a 

line passing across the centres of both cylinders. 

Each of these journals, or, as they are more 
commonly called, bearing brasses, consists of two 
parts, called respectively the upper and the lower 
bearing brass. The lower ones at the ends are 
attached to the frame with bolts and nuts, and the 
middle one is laid in a place made for the purpose 
on the bracket. The spindle is then laid on, and 
after that the top brass is put in its place. Over 
this there is put a small iron plate, about tW inch ^ 1 T' h^t-jji r» • 

,- . - • 1 1 ^t .1 1 ^ !• • 1 Bracket or Middle Beanng. 

thick. With holes at the ends corresponding with Elevation and Plan. 
those in the bearing, and a small round standard, J inch in diameter, 
which rises to a height of i inch in the centre, and is pierced with a 
small hole for a split key at the top. 

After this, two wrought-iron bolts with square heads are inserted in the 
holes in the bearings, and screwed down until the top and bottom brasses 
are made sufficiently tight. 

The heads of these bolts are then, if necessary, slightly turned, to 
bring them exactly square. A rectangular stop-nut or keeper, witk a. 
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hole in the centre, is slipped over the standard previously mentioned, 
dropping into and filling the whole of the space between the square 
heads of the screw bolts, and so keeping them firm in their places 
without driving them in tight or unduly forcing together the bearings^ as 
it might be necessary to do if the bolt heads were to be kept in their 
places without a stop-nut. A split key is then put through the hole in 
the top of the standard, and the ends opened out, after which the bearing 
is complete. 

The spindle or rocking-shaft is turned in six places, one for each of 
the three bearings, one for each of the two end levers, and one for the 
cross axe. 

Working-Beam. 

The spindle is connected with the pistons by means of a short 
wrought-iron lever, or pair of levers, called the cross axe or working- 
beam. 

This is 14 inches long, 3 J inches deep in the centre, and tapered down 
towards the ends. It is for the most part H-inch thick, but is swelled at 
the centre to a boss of 2^ inches. Inside this boss there is a horizontal 
hole fore and aft, through which the spindle passes, and the cross axe is 
fixed in its place directly over a line passing across over the centres of 
both cylinders by a feather fixed in a groove on the shaft, and filling a 
corresponding slot cut for the purpose inside the boss. 

At the ends of the cross axe there are horizontal holes running fore 
and aft, which take the upper sling-pins, and so attach the ends of this 
short lever to the pistons. 

The distance from the centre of the spindle to the centre of the holes 
which carry the upper sling-pins is 6i inches, and the distance of the 
centre of the spindle firom a central vertical line through either of the 
cylinders is 5 inches. 

Levers. 

At each of the ends of the spindle, outside the bearings, there is fixed 
a cross lever of wrought-iron, with an arm to each side. These levers 
are of flat wrought-iron placed on edge. They are for the most part 
f-inch thick and 2 inches deep, but are swelled to a boss of 3i inches, 
where they are secured on the ends of the spindle with steel keys or 
wedges driven into slots, cut both in the spindle and the boss. 

Each arm at the outer end is formed into a T piece fore and aft 
On the hind cross-lever the forward part of each of the T ends is 15 
inches long, and is perforated with three half-inch holes, and the hind 
part, which is 9 inches long, is smooth, and on the inside slightly 
tapered. 

On the front cross-lever the hind part is similarly pierced, and the 
firont part is smooth and on the inside slightly tapered. 

In addition to the holes above mentioned, there is also a |-inch hole, 
which takes a pin, the use of which will be described further on. 

Outside and along the T ends of each of the cross-levers there is 
bolted, through the holes already mentioned, a flat bar of wrought iron, 
placed on edge. These are ^inch thick, 2 inches deep, and 7 feet 3 
inches long, and are called the side-levers. 
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To each T end of the cross-levers there is attached, by means of a pin 
or spindle, a corresponding additional part, of the same dimensions as the 
side lever with regard to thickness and depth, and 2 feet 5 inches long. 
This has an eye to match the eye on the side lever, and the pin forms 
the two parts into a hinge, thus allowing the folding lever to turn either 
out or in. When the folding lever is turned outward, it is stopped by the 
shape of the hinge from falling below a horizontal line from the side lever, 
and it is fixed in its place by a rectangular piece of wrought iron, called 
the lever-clip, which is fitted loosely on the folding part and slipped over 
the tapered extremity of the projecting arm of the T end, so as to keep 
the folding lever out in a straight line with the side part. This hinged 
connection is called the rule-joint; the hole in the side and folding levers 
is called the joint-eye, and the bolt which connects the two together is 
called the joint eye-pin. At the end of the folding lever there is an eye, 
, called the flat-eye, to receive a folding handle, the use of which is 
described further on. 

Handles. 

In the centre of the side lever there is a f -inch hole, through which 
the end of an eye-bolt is passed from the outside. The stem of the bolt 
is stopped by a projection or collar on the outside, and fastened by a nut 
driven on the screwed part inside, so as to keep the whole bolt firm in its 
place. On the outer end of this bolt there is a horizontal socket, li 
inches in diameter, spreading 3 J inches in length fore and aft, and 
through this eye there is passed a round wooden handle, the same length 
as the side lever, and terminating at both ends in wrought-iron sockets, 
which are fastened to the side levers by the joint eye-pin before 
mentioned. 

The horizontal socket on the bolt in the centre of the handles and 
levers is called the coUared-eye, and it serves to strengthen both the lever 
and handle, and to keep them in their relative positions, with a space of 
2 inches between for the hands of the men working the pumps. The 
handle is of rounded ash, 7 feet 3 inches long and if inches in diameter, 
and it is called the side handle. 

The socket-pieces at the ends of the side handles are made with 
corresponding sockets outside, in such a way as to form a hinge, and so 
contrived that when the hinge is opened it is stopped at such a point that 
the two sockets form as nearly as possible a straight line. This hinge is 
called the knuckle-joint, and its parts turn on the same spindle previously 
described, called the joint eye-pin. Into this socket there is fitted a 
handle of precisely the same material and thickness as the side handle, 
but 4 feet 5 inches long. This passes through and is supported by the 
flat-eye on the folding lever, and is called the folding handle. 

The iron folding lever and the wooden folding handle being connected 
at the same distance and almost in the same manner as the side lever 
and side handle, and moving on the same spindle or pin, can be made to 
turn either in or out together. When they are in use for pumping they 
are turned outwards, so as to lengthen the space available for the men's 
hands, and when they are not in use they are folded back and secured in 
their places by small projecting iron pegs or studs, which fit into corres- 
ponding holes. .These handles, when turned in, overlap each other to a 



S6 DESCRIPTION OF A SIX-INCH MANUAL FIRE-ENGINE. 

distance of i foot 7 inches, and are usually kept fastened in this position 
by leather straps and buckles. 

The hole for the peg of the hind folding handle is in the collared-eye 
on the top of the side handle, and that for the peg of the front folding 
handle is in a plate on the top of the hind folding handle ; the object of 
which arrangement is, that the hind handle should always be turned over 
first and the other after, so that in the event of a collision, when travelling 
rapidly to a fire, there should be no projection likely to catch obstacles, 
as would be the case if the handles were made to fold with the hind end 
on top. 

The same object — ^that of avoiding the consequences of collision — ^is 
aimed at in several parts of these engines, as in the splinter-bar-hooks and 
trace-hooks, all of which are turned inward, so as not to catch in anything 
which the engine may happen to touch. 

When the levers are not in use for pumping, they are kept on a level 
with the lids of the suction-pockets by means of a bent bar of iron, * 
attached below to an eye fixed in the front end of the cistern, and with 
two projecting lugs above, through which a split key passes. The side 
lever is placed between these lugs, and the pin inserted, and the levers 
are then firmly fixed so as to bear the weight of men standing on them. 
This bar is called the lever-stay or lever-lock. 

Stroke. 

When the handles are set in motion, the cross-levers make an angle of 
80° between their highest and lowest points. They have a radius of 25J 
inches, and consequently travel through an arc of 35 J inches in length. 
The chord of this arc, or the distance in a straight line firom top to 
bottom, is 33 inches. 

At the same time the arm of the working beam, with a radius of 6i 
inches, and moving to the before-mentioned angle, travels through an arc 
of 8| inches in length. The chord of this arc is 8 inches. 
. In other words, the movement of the handles with a radius of 251 
inches is communicated to the arms of the cross-axe with a radius of 6^ 
inches, and both being on the same spindle, move to the same angle, 80°. 

The men's hands on the handles travel a distance of 35 J inches on the 
circumference of a circle, but the length of stroke, or actual distance 
made good, is only 33 inches ; and the arms of the cross-axe travel a 
distance of 8| inches on the circumference of a circle, but their length of 
stroke, or actual distance made good, is only 8 inches. 

Each of the pistons is attached, as before described, to an end of one 
of the arms of the cross-axe, and is kept straight by the guide-rod in the 
guide-bar, and the result is, that while the end of the arm is travelling 
with a circular motion through an arc of 8| inches in length, the piston 
in the cylinder is moving in a straight line along a chord of 8 inches in 
length. 

A stroke of either piston or handle is a complete double movement, 
once in each direction, but the length of stroke is the distance in a 
straight line fi:om the extreme points occupied in a single movement or 
half-stroke. 

The length of stroke of handles of the pumps now under consideration 
is 33 inches, and the length of stroke of piston is 8 inches. 



description of a six-inch manual fire-engine. 87 

Leverage. 

The distance between the centre of the spindle and the centre of the 
handle is 25 J inches. 

When the handles are set in motion, they move through an arc of a 
circle, and they are stopped by the one below, whichever it may be, 
striking on the beat-block. 

A lever is a mechanical contrivance consisting of a bar, a frame, or 
other rigid structure, with a place for the application of motive power, a 
place to which a load is attached, and a place on which it rests ; and 
levers are of three different kinds, according to the positions which these 
places occupy relatively to each other. 

A lever of the first kind has the power at one end, the load at the 
other, and the fulcrum or support between the two. 

A lever of the second kind has the power at one end, the fulcrum at 
the other, and the load between the two. 

A lever of the third kind has the load at one end, the fulcrum at the 
other, and the power between the two. 

The mechanical power, commonly known as leverage, is measured by 
the difference between the distances at which the moving power and the 
load respectively stand from the nearest point of a vertical line passing 
through the centre of the fulcrum. 

The lever of the fire-engine under consideration is either of the first or 
second kind, but never of the third. 

This engine has, as already explained, two complete pumps, each with 
its own valves, water-ways, and piston, quite separate and distinct from 
the other, but with only one lever, or rather two arms of one lever, to 
work both pistons. 

The men working the left or near side handle consequently use a lever 
of the first kind on the right-hand piston, and a lever of the second kind 
on the left-hand piston; and the men working the right or off-side handle 
use a lever of the first kind on the left-hand piston, and a lever of the 
second kind on the right-hand piston. 

During the working of these pumps the leverage undergoes a constant 
change, inasmuch as the handles to which the motive power is applied 
are continually changing their distance firom the vertical line rising from 
the centre of the spindle, while at the same time the pistons, which are 
in point of fact the load, keep the same distance from that line at all parts 
of the stroke. 

The distance at which the centre of the handles stands from the 
vertical line before mentioned, is greatest when the cross-levers are hori- 
zontal, and least when they are at their highest and lowest points. 
Thus, when the cross-levers are placed horizontally, the distance is 25 J 
inches, and when they are at the top or bottom of their stroke it is 19^ 
inches, that of the pistons remaining at 5 inches. 

The result is that — 

The greatest leverage is 25 J to 5, or a little over 5 to i, 
The least leverage is 19 J to 5, or a little less than 4 to i, 
. And the main leverage 22 J to 5, or exactly 4 J to i. 

Capacity. 
The quantity of water received into one of these pumps during the 
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upward movement of the piston, or discharged from it on the downward 
movement, is that which can be contained in 8 inches long of a 6-inch 
cylinder. 

The area of a 6-inch circle is 28*274 superficial square inches, which, 
multiplied by the length of stroke, 8 inches, gives a capacity of 226*192 
cubic inches for 8 inches long of a 6-inch cylinder. 

There are 277*123 cubic inches in a gallon, and consequently the 
capacity of one of the pumps in question is *8i6 gallons. 

The fire-engine now under consideration has a pair of cylinders on 
opposite sides of a rocking shaft, with pistons driven by a reciprocating 
movement of the arms of the working beam. It has, in fact, a pair of 
such pumps as those described, and consequently the united capacity of 
the two, or the quantity of water received and discharged on a stroke of 
the engine, is 452*38 cubic inches, or 1*63 gallons. In round niunbers, 
the capacity of the engine is a little over a gallon and a half 

When the engine is in proper order, and worked at reasonable speed, 
the quantities of water delivered are in exact proportion to the number 
of strokes made, without reference to the force applied, the speed at 
which the handles are worked, the pressure, or any other circumstance. 

The engine can be worked to the best advantage by 30 men, and the 
harder they work the greater will be the result ; but the quantities of 
water delivered are measured, not by the amount of their labour, but by 
the actual result made good in number of strokes. 

These quantities will be as follows, whether the engine is working at 
a pressure of 100 lbs. on the square inch, or at a mere nominal pressure 
of 2 or 3 lbs. The labour of the men is heavier when the greater 
pressure is attained, but the quantities of water are not in any way 
affected — i stroke 1*63 gallons. 
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300 
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310 


70 




114 
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330 
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340 


100 
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350 
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360 
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196 


370 


130 




212 


380 


140 




228 


390 


150 




245 


400 


160 




261 


410 


170 




277 


420 


180 




293 


430 


190 




310 


440 


200 




326 


450 


210 




342 


460 


220 




359 


470 


230 




375 


480 


240 




391 


490 


250 




408 


500 



Gallons. 

424 

440 

456 

473 
489 

505 
522 

538 

554 
570 

587 
603 

619 

6-36 

652 

668 

685 

701 

717 

734 
750 
766 
782 

799 
815 
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570 
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820 




580 
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830 
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840 
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994 


860 
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1,011 


870 




630 


• •• 


1,027 


880 




640 




1,043 


890 




650 




1,060 


900 




660 




1,076 


910 




670 




1,092 


920 




680 




1,108 


930 




690 




1,125 


940 




700 




1,141 


950 




710 




1,157 


960 




720 




1,174 


970 




730 




1,190 


980 




740 




1,206 


990 




750 




1,223 


1000 


• • • A 



Gallons. 

,239 

,255 
,271 

,288 

,304 
,320 

,337 
,353 
,369 
,386 
,402 
,418 

,434 

,451 

,467 

,483 

,500 
,516 

,532 

,549 

,565 
,581 

597 
,613* 
,630 



It is very common with unskilled persons to mention as the capacity 
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of a pump, not the actual quantity of water received and discharged on 
a single stroke, but the quantity delivered in a minute, or some other 
fixed period of time ; but this mode of calculating is based on a miscon- 
ception ; it confuses together two totally distinct branches of the subject, 
and consequently leads to conclusions in many cases wholly erroneous. 

The two distinct points alluded to are the size of the pump and the 
power applied. The pump of itself does nothing, and consequently pro- 
duces no result ; but if a power be applied to it, so as to obtain from it 
any given number of strokes, then the quantity of water delivered should 
be in accordance with that mentioned in the foregoing table, without 
reference to the time occupied. 

It is true that, if a pump be worked at too high a speed, the valves 
will not rise and fall fast enough, and the consequence will be, either 
that they will not admit a sufficient quantity of water to fill the cylinders 
during the upward movement of the pistons, or that, having admitted it, 
they will let by a certain portion, which will consequently escape back, 
and so render the actual delivery short of what it would be if the valves 
were acting properly ; but this is a circumstance of very rare occurrence 
with any good hand-worked pump, and consequently need not be 
taken into consideration at all with reference to the delivery of the 
engine here described. 

As a matter of fact, it will be found that, if a certain number of men 
be put to work the pumps, they will accomplish in any given time a 
certain number of strokes, and consequently a certain delivery of water ; 
and that if the number of men be increased, the result will be increased 
in a precisely similar proportion ; or that if, without having their number 
increased, the men work harder, the quantity of water delivered will be 
in proportion to the increased power applied by the same men. 

The foregoing table has been carried to the extent of a thousand 
strokes, without reference to the time employed, and this has been done 
for the purpose of giving special prominence to the fact that, if the 
pmnps be in proper working order, the result will be in exact proportion 
to the number of strokes realised, whether in one minute, one hour, or 
any other fixed period of time. 

To Test an Engine. 

A machine of this kind should be tested in two distinct ways : first, as 
to the condition of the works alone ; and secondly, as to that of the 
works and carriage together, or engine complete ; and these tests are 
applied in the following manner. 

The Works alone. 

Inspection of Parts. — ^AU the parts should be carefully examined after 
completion, but before being fitted together ; and those parts which are 
approved should be stamped by the inspecting officer in such a manner 
that the marks may be seen after the joints have been made. 

When the parts have been put together, the whole of the works should 
again be carefully examined, with a view to ascertaining that those used 
are the same which have been previously approved, and that they appear 
to fit properly in their respective places. 
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The valves, cylinders, pistons, waterways, and joints of the works, 
should invariably be tested by pressure before being mounted on the 
carriage. 

This is done in the following manner. 

For Strength^ Tightness^ and Finish, — Place the sole-plate, with the 
cylinders, air-vessel, and delivery-pipes attached, on a table or bench, at 
such an elevation that the whole of the parts may be conveniently seen. 
Move all the valves, either by hand or with a piece of wood. An iron 
or other hard bar should not be used for this purpose, as it might injure 
the faces or seats. 

Observe that when the valves drop they make a solid sound, and do 
not seem to be either stiff or gritty. 

After this, raise the front valves by placing a piece of wood under 
them, so as to leave a space through which water will pass freely. 

Insert the pistons into the cylinders, and push them down to the lowest 
point, so as to leave as little air as possible inside. 

Put on the damp-irons and frame for stopping the pistons when they 
are forced to the top. 

Fasten on one arm of the delivery-pipe a solid cap, or a cap with a 
pressure-gauge on it, and on the other arm ^ cap to take the hose of a 
force-pump. 

Attach the force-pump by this means, and work it with water, until a 
pressure of 150 lbs. on the square inch has been raised inside. Continue 
this pressure for a few minutes, carefully observing all the parts affected, 
and, if the joints do not blow, and the pistons and suction-valves do not 
let water pass, it may be considered that the delivery-pipes, the air-vessel, 
the delivery-valve-box-cover, the pistons, the suction-valves, the suction- 
valve-box-cover, and all other parts of the works, except the front valves, 
are properly fitted, of sound workmanship, and sufficient strength. 

After this, let off the pressure, draw the pistons, empty the cylinders 
and waterways, remove the wedges, and work the force-pump again until 
the same pressure as before has been raised. 

Continue the pressure for a few minutes, carefully observing the result 
as before, and, if the delivery-valves do not let any water pass, they may 
be considered all right. 

After these tests have been applied with satisfactory results, and a 
certificate to that effect signed by a responsible officer, the works may be 
mounted on the carriage. 

The Engine Complete. 

For Suction, — Remove the suction and delivery-caps, and put the 
handles down at one side, say the left or near side. Screw on to the 
suction inlet a piece of pipe with a vacuum-gauge and an air-cock. 

The vacuum-gauge may be marked either for inches of a column of 
mercury, or for pressure in lbs. on each square inch. 

The suction-valves are numbered i and 2, and the delivery-valves 3 
and 4, the odd numbers being on the near side and the even numbers 
on the off side ; that is to say, the valves of the left-hand pump are 
No. I and No. 3, and the valves of the right-hand pump No. 2 and 
No. 4. 

Close the air-cock, and raise the near side handle to the highest point, 
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and stop it there, watching the gauge both during the movement and 
afterwards. 

Should the gauge show a vacuum of about 15 inches, or 7 J lbs. on 
the square inch, and hold it, this will be a sign that No. 2 and No. 3 
valves are tight, and that the cylinder, the piston, the valve-boxes, valve- 
box lids, and the waterway of the left-hand pump, are in complete 
working order. 

Should the pressure go back quickly, it will show that there is a leak 
somewhere, and all the joints must be carefully examined, and the same ex- 
periment continued until the leak has been found and stopped. Before 
repeating this test, it is necessary to open the air-cock full, so as to allow 
the air to enter, and then to close it before putting the levers in motion. 

The same test may then be applied to the right-hand pump for the 
purpose of ascertaining that No. i and No. 4 valves are tight, and that 
all the parts of that pump are in complete working order. 

When both pumps have been separately tested in this way, the air- 
cock may be again shut oflf, and the handles put in continuous motion, 
in order to ascertain what vacuum can be made ; and they should be 
occasionally stopped, for the purpose of more effectually ascertaining 
the exact tightness of the several parts under the maximum pressure of 
the atmosphere. 

If the engine, when worked in this way, can raise a vacuum pressure 
of about 23 inches, or 11 J lbs. on the square inch, and can sustain a 
pressure of about 20 inches, or 10 per cent, less, it may be considered 
fit to work by suction. 

Any person of experience can apply this test, by means of his hand, 
with results sufficiently accurate for almost all practical purposes ; but in 
passing a new engine it is advisable to use a vacuum-gauge. 

For Delivery, — ^The vacuum-gauge may then be removed, and the 
suction inlet left open ; one of the outlets of the delivery-pipe may be 
closed with a cap, and the short pipe previously used may be screwed 
on the other. An ordinary pressure-gauge may be put on, the air-cock 
closed, and the handles put in continuous motion, until a pressure of 
about 35 lbs. on the square inch has been attained. The handles may 
then be stopped, and the gauge carefully watched, to see that it does 
not fall below 32 lbs., or about 10 per cent less than the highest point 
which it reached when the handles were in motion. 

During this experiment it is of advantage occasionally to open the 
air-cock suddenly, so as to reUeve the pressure altogether, and then to 
dose it, and continue the working of the handles; this will cause a 
sufficient amount of shock to test the several parts. 

This test also may be applied by hand, except when passing a new 
engine, in which case it is advisable to use a pressure-gauge. 

For finding a Leak, — Should it be found, on raising the left-hand piston, 
that there is a leak, the probability will be that either No. 2 or No. 3 
valve is slack, or that the left-hand piston does not fit ; but there may 
be a difficulty in ascertaining in which of these three parts the leak is ; 
and should it be foimd, on raising the right-hand piston, that there is a 
leak, the probability will be that either No. i or No. 4 valve is slack, or 
that the right-hand piston does not fit, and a similar difficulty may arise. 
There are several ways of detecting such a fault 
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The Simplest way is to close both deliveries, putting a pressure-gauge 
on one or both, and to force in air to the front by working the pumps ; 
then to lift the two hind valves by means of thin pieces of wood pushed 
in from the suction-pipe, and, if the pressure continue, it will be a sign 
that the front valves are both tight, and that it must be one of the hind 
valves that is slack. There is no difficulty in getting a piece of wood 
under one of the hind valves if the levers be kept moving, as the raising 
of the pistons relieves the pressure. 

If, however, the fault cannot be detected in this way, the best course 
to pursue will be to work the pumps separately, by removing the piston 
first from one cylinder and afterwards from the other. 

If the off-side or right-hand piston be drawn, and the left-hand pump 
worked alone, the result of the first upward movement should be a 
vacuum of about 15 inches, or 7^ lbs. on each square inch, and of a 
continuous working of the piston a vacuum of about 23 inches, or 
11^ lbs. on each square inch. 

After this the hind valve of the pump not in use should be raised, the 
vacuum-gauge removed, and the pump set to work, until a pressure of 
about 35 lbs. on the square inch has been raised. 

If the near-side or left-hand piston be drawn, and the right-hand pump 
worked alone, the same results should be obtained, only on the other valves. 

In this way, by closely observing the effects of the several movements, 
any leak or defect in the parts may easily be detected, the inspecting 
officer being always careful to remember that, when the valves are not 
set up in the above-mentioned way, the upward movement of either 
piston tests the front valve of its own cylinder and the hind valve of the 
other, and the downward movement of either piston tests the hind 
valve of its own cylinder, and the front valve of the other; and that 
when one of the hind valves is set up, and the pump at the other side 
is put to work, the upward movement of the piston tests only the 
firont valve, the downward movement tests only the hind valve, and a 
continuous movement tests its own two valves and the firont valve of the 
other pump. 

Summary. 

When none of the valves are set up^ 

The left-hand piston moving up tests No. 3 & No. 2. 
Ditto ditto down „ No. i & No. 4. 

The right-hand piston moving up tests No. 4 & No. i. 
Ditto ditto down „ No. 2 & No. 3. 

When the right-hand piston is drawn, and No. 2 valve set up — 
The left-hand piston moving up tests No. 3 „ 

Ditto ditto down „ No. i •„ 

When the left-hand piston is drawn, and No. i valve set up — 
The right-hand piston moving up tests No. 4 „ 

Ditto ditto down „ No. 2 „ 

Continuous working of either piston, with or without the valve of the 
other being set up, will test its own hind valve, and both the firont 
valves. 

The lifting of both the hind valves, after a pressure has been got up, 
tests both the front valves. 
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When either piston is being worked with its own hind valve set up, 
the vacuum-gauge can be used ; but when it is worked with the other 
piston drawn, and the hind valve of the other set up, the vacuum-gauge 
cannot be used. 

For Strength. 

The air may next be let oflf, after which the air-cock may be again 
closed. Water may then be introduced, and the pumps set to work, 
until a pressure of 150 lbs. on the square inch has been attained. 

Should there be no undue straining of any of the parts, and no leaking 
at this pressure, the works may be considered sufficiently strong. 

For Capacity. 

After all these experiments have been tried, the pumps should be 
tested for capacity in the following manner : — 

Set the engine in close to a water supply, as nearly as possible on 
the level of the pumps, with the outer end of the suction-pipe well 
immersed. Screw on to one of the outlet-pipes a pressure-gauge, 
according to convenience, with or without the short piece of pipe 
previously used, and to the other outlet a length of hose. 

Into the side of a properly gauged tank or trough fasten one of the 
delivery parts of a breeching with a two-way cock, 5ie other part being 
turned outside. 

Screw on the female swivel part to the end of the length of hose 
leading from the engine, and turn the handle of the two-way cock so as 
to deliver the water outside the tank. 

Set the pumps to work, and, as soon as they have begun to run 
steadily, and the hose has been completely filled with water, turn the 
handle sharply, so as to deliver the water inside the tank, taking an 
exact account of the number of strokes, and, after about a minute or so, 
sharply turning the handle again, so as to deliver the water outside. 
Then multiply the known capacity of the pumps by the number of 
strokes, and see that the result agrees exactly with the quantity shown 
on the gauge. 

During this experiment, great care must be taken to ensure a steady 
working of the pumps throughout. If the pressure be raised to a con- 
siderable height before the commencement, and allowed to become less 
during the working, the effect will be that a quantity of water, which has 
been forced into the air vessel, will escape forward, in addition to that 
passed through the pumps ; and if the pressure be very low at the com- 
mencement, and be raised during the work, the effect will be that a 
portion of the water passed through the pumps will be delivered into the 
air vessel and not into the tank, thus decreasing the quantity. In either 
of these cases an incorrect result would be attained ; but if the pressure 
be carefully watched, and the work regulated accordingly, so as not 
either to increase or diminish the quantity of water in the air vessel 
while the delivery into the tank is going on, the calculated quantity 
should exactly agree with that shown on the gauge. 

This experiment should be repeated with the water supply at several 
different levels below that of the engine, and also with a branch, and with 
nozzles of various sizes, the same principle being observed throughout. 
In this way the engine can be proved to every necessary pressure, but, 
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for the reasons previously given, it should on no account be tested to 
more than one pressure in any one experiment. 

After this, the engine should again be carefully examined, and if no 
straining, leaks, or other defects be found, it may be considered fit for 
general work. 

The following articles are carried on this engine: — 

No. 

*•• •*• A 

... ... 2 



Articles. 

Axes, large 

Branch tallies ... .;. 

Branches ... ... ... ... 2 

Breechings, delivery, I into 2, 2j 

Breechings, delivery, I into 2, 2j 

Breechings, deKvery, 2 into I, 2 J 
aucL 2^ ••> ... ..• ... ^ 

Buckets, canvas 6 

Chisels, cold ... ... ... I 

Cisterns, canvas I 

Crowbars I 

Double connecting screws ... I 
Double reduction screws I 

(According 
to circum- 
stances 
and 
locality. 
Files I 

Hammers, iron ... ... ... I 

Hammers, tin ... ... ... I 

Hand -loops ... ... ... 2 

Hand-pumps complete i 

Hose, 2i-in. 40-feet lengths of ... 8 

Hose wrenches, 2^-in 2 

Hose wrenches, I J-in. 2 



Articles. ^ ^ No. 

Hydrants, ball ) According to circum- 
Hydrants, sluice \ stances and locality. 
I iRQQers ... ... ... ... 2 

Lamps, carriage ... ... ... 2 

Leathers, lapping 6 

Lines, lapping ... 6 

Lines, long ••• ... ... I 

Lines, short .•• ... ... I 

Mattocks ... 

Nozzles, f 

Nozzles, I 

Nozzles, \ 

Preventers ... 
Saws ... 

Smoke caps, com- ) 



plete 



• •• • • • X 

••• ••• X 

••• •• • X 

• • • •• • X 

• • • •• • X 

• • • • • • X 

According to 
circumstances. 



Spades 

Spanners, branch and nozzle 

Spanners, shifting 

Standpipes ... 

Straps, bucket 

Straps, ladder 

Straps, lever 

Straps, preventer 

Suction-pipes 

Suction-strainers 

Tin cases, with working lists 
Turncocks* tools, sets of ... 



I 
I 
I 
I 
I 
2 
2 
I 

4 
I 

I 

I 

I 



Wedges, bundles of 

I; 

The total weight of the above may be estimated at an average of 6cwt. 3qrs, i^lbs. 

In many stations, the advantage of using lighter hose is found so 
great, that the following change is made. 

Instead of eight 40-feet lengths of 2^-in. hose, fifteen lengths of i|-in. 
hose are carried, and a few trifling alterations are made in the number 
and size of spanners, and other small gear. 

The proper crew for this engine consists of four firemen and a coach- 
man, and their total weight in full uniform may be taken at an average 
of about 7^ cwt. 

The total weight, therefore, of this engine when proceeding to a fire 
may be estimated as follows : — 









Ton. 


Cwt 


Qrs. 


Lbs. 


Works 


»•• 





4 


2 


2 


Carriage 


• • • « 







II 


2 


26 


Pole and 


2 sway-bars , 










I 


14 




Engine 







16 


2 


14 


Gear 


. . • • • • 







6 


3 


14 


Men 


. • • • • 1 







7 


2 







Total... 




I 


II 
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LEATHER HOSE. 



INTRODUCTORY. 



So much of the most active part of a Fireman's work is connected 
with the laying out and handling of the flexible pipes or hose which 
convey water, that it is necessary for him to understand thoroughly 
every particular concerning them. 

These pipes are principally of two kinds, the one commonly called 
suction-pipes, which convey the water from the reservoir or hydrant to 
the pirnips; the other delivery-pipes, or hose, which convey the water 
from the pumps to the fire. 

They are essentially different in almost all particulars, the first being 
made to resist a pressure of about 15 lbs. on the square inch on its 
outside, tending to make it collapse ; and the other to withstand ten times 
that pressure on its inside, tending to make it burst. 

Particulars concerning both lands will be found in the following 
pages. 

SUCTION-PIPES. 

Suction-pipes are made of leather, india rubber, or other material, 
stretched over a metal spiral, which prevents it from collapsing when a 
vacuum is formed inside. 

This spiral is made either round, half-round, or flat, and is firmly 
soldered on to the shanks of the screws at both ends. The round spiral 
is more flexible and less likely to break when subjected to sharp bends ; 
the flat spiral forms a much smoother and better water-way, but cannot 
be bent to a right angle without considerable difficulty and some risk of 
breaking ; the intermediate, or half-round kind, combines the advantages 
and disadvantages of the other two. 

When leather is the material employed, it is usual to place a bandage 
of tarred or pitched canvas between it and the spiral, to exclude the air, 
which would otherwise find its way through the pores of the leather and 
prevent the formation of a vacuum. 

Suction-pipes are carried on the engines in short pieces, the length of 
which is usually determined by that of the side pockets, and being 
mounted with screws of an exactly uniform pattern, they can be used 
singly or with several joined together. 

They have hardly any wear or tear, and under ordinary circumstances 
last for years, and give very little trouble beyond that of dressing the 
leather with an occasional light coat of oil or dubbing, and keeping the 
couplings clean and free from grit 
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They vary, as before mentioned, in material, size, and general details, 
and it is consequently impossible to describe them all within the limits 
of these pages. I have therefore selected one of the kind most com- 
monly in use, namely, a leather suction-pipe with a water-way of 2 J 
inches in diameter. 

LEATHER SUCTION-PIPE. 

The following is a description of the several parts of a 6-foot 6-inch 
length of leather suction-pipe, used with a manual fire-engine, worked 
by 28 or 30 men. 



It consists of — 
A pair of gun-metal couplings. 
A coil of metal spiral. 
A bandage of tarred canvas. 



A riveted leather cover. 

A lapping of wire at each end. 

A leather washer. 



Coupling Screws. 

These are precisely the same as those used with delivery-hose in 
every particular, except the threads, which in the suction-pipes are 
round and not V shaped. 

A pair of coupling screws is composed of the following parts, 
namely : — 

A male part, with a screw at one end, a shank at the other, and a pair 
of lugs between. The inner end or shank has five ridges cut on it for 
the purpose of preventing the hose slipping off when under pressure. 
The outer end beyond the screw is cut perfectly smooth and even, so 
as to rest on any flat surface. 

A female part, which is double, and consists of a swivel, and a shank 
or ferrule. The female screw is cut inside the swivel. The ferrule, like 
the shank of the male screw, is grooved below in five ridges, and is 
mounted near its end with a collar or shoulder, which brings up on a 
corresponding collar in the swivel, and keeps the parts together. The 
lower threads of the female screw are cut away, and a recess sunk 
which holds a leather washer, the inside of which is kept in its place 
by a thin projecting piece of metal rising above the collar of the 
ferrule. 

When the couplings are put together, the joint is formed, not by the 
threads of one screw fitting closely in the threads of the other, but by 
the outer end or face of the male part pressing against the washer in the 
female part. It is to obtain leverage for effecting this pressure that the 
lugs are made ; and if the screws be entered fair, not driven across 
thread, and no dirt or grit admitted, they can be forced together by 
means of hose-wrenches, or dog-tails, until the face of the male part rests 
solid on the washer in the female part in such a way as to be perfecdy 
air and water-tight. 

The pitch of these screws, or distance between the centres of two con- 
secutive threads, is '2 inch, and consequently the number of threads to 
an inch is 5 ; the depth of the threads is about i-8th of an inch. 

The distance which the male screw goes into the female screw is 
about 5-8ths of an inch, and the number of complete or round turns of 
the swivel part, necessary for the making of the joint, is consequendy 
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about three. This, of course, depends to a certain extent on the thick- 
ness of the washer, but the number of turns here mentioned will be 
foimd sufficiendy near accuracy for all practical purposes. 

Spiral. 

There are 4 feet 4 inches long of close spiral, made of half-round gal- 
vanized iron wire ^ of an inch wide, ^-inch thick, with the round part 
outside, and the flat part inside. This is fastened on at both ends to 
the shank of one part of the coupHng with soft solder. For this purpose 
rivets should never be used, as fliey do not hold the spiral firmly, and. 
besides project inside and interfere with the water-way. 

After the couplings are soldered, a mandrel is passed inside the spiral, 
and the screws are drawn apart to a distance of 6 feet 6 inches, 
measuring from outside to outside. This is effected by stretching the 
spiral, and the screws are then tied on to the mandrel with light pieces 
of cord to prevent them springing back. 

Canvass. 

A quantity of canvass strip, 4 inches wide, is then soaked in boiling 
pitch and tar. 

If the pipes are to be used in England, or any similar climate, the 
best mixture for this purpose is in the proportion of 2 pints of tar to 
14 lbs. of pitch ; if they are to be used in the tropics, there should be only 
I pint of tar to the same quantity of pitch; and, for intermediate climates, 
the quantity of tar may be regulated on somewhat the same principle. 

The whole of the canvass is first dipped in the hot mixture, and then 
slowly drawn out and carefully wound on a stick, rubbing the whole of 
the outside during the winding on a flat surface, to remove lumps 
or other inequalities. 

The mandrel is then placed on two trestles, in such a way as to be 
supported only at the ends, and the canvass is wound off the stick and 
on to the spiral in the same way as a horse-bandage. It is usual to 
commence first at the end next the female screw, and to wind it in such 
a way that it may overlap itself 2 inches at every turn, thus makmg a 
complete double covering of the spiral, and ending at the male screw ; 
then to commence at the end next the male screw, and work back, 
making the turns in the opposite direction, so as to cross the first folds 
at a wide angle, and finishing at the female screw. The strips bemg 
4 inches wide, and the overlap of each part 2 inches, when the whole is 
completed, there are four folds of the tarred canvass over every part, and, 
if the work be quickly and properly done before the mixture has had 
time to cool, the pipe should be perfectly air-tight without the leather 
covering. 

Leather Cover. 

The leather coat or cover is next put on with the grain inside and the 
flesh outside. When the pipe does not exceed 8 feet, as in the case in 
question, the leather is always in one piece. It is cut to an exact width 
of II inches for a water-way of 2 J inches inside the spiral, and is 
punched with holes for No. 6 rivets, allowing 20 for each foot The 

H 
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rivets are of best tinned copper punched in a single machine, which leaves 
no mark or score, as is the case when a double punch is used, and they 
are almost as roimd as if turned in a lathe. The heads of the rivets 
should be at least J an inch in diameter, in order not to pass through 
the spiral, and the washers should be of a corresponding size. 

The inner part of the leather coat is shaved to a feather edge, so as 
to lay perfectly close to the canvass ; the rivets are then inserted from the 
inside, the first being 2 J inches from the female screw, and the remainder 
at the distances before mentioned ; the outer part is then drawn over, 
and the rivets forced, by means of a grab-awl, through the holes made 
for them. The washers are then driven on and the ends of the rivets 
burred down over them, the iron mandrel inside supporting the spiral 
and so taking the heads of the rivets during the hammering. If any 
lumps or inequalities be found in the canvass bandage, a hot iron can be 
placed inside the spiral for a moment to soften them, after which they 
can be at once smoothed down and the leather put over. The rivets 
and washers are continued in this way throughout the whole length up 
to within 3 J inches of the lower thread of the male screw, where the 
leather is cut longitudinally to allow it to be drawn past the lugs. 

Wire Lapping. 

The leather coat is secured in its place by wire ties or lappings at 
both ends, each lapping being composed of three distinct pieces of wire, 
with a corresponding number of independent fastenings, so that the 
breaking of one, or even two, will not necessarily disable the pipe. 
These lappings are commenced inside close to the washer of the first 
rivet, and finished within a quarter of an inch of the end of the leather 
next the female screw, and touching the lugs of the male screw. 

Washer. 

A leather washer is inserted with its outer edge in the recess cut in 
the female swivel, and its inner edge against the lip which projects from 
the collar of the ferrule or shank, and the suction-pipe is then ready for 
immediate use. 



In the ordinary manual fire-engines there is room for four 6-ft. 6-in. 
lengths of suction-pipe, two in each pocket. It is, however, found 
convenient in practice to keep a strainer always screwed on, and, as this 
occupies a space of about 14 inches, it is usual to carry only three 6-fL 
6-in. lengths and one 5-ft. 4-in. length. 

The average weights of the pipes are : — €-ft 6-in. lengths, 31 lbs.; 
5-ft. 4-in. lengths, 27J lbs. 

Curricle Suction-pipe. 

A curricle engine has a suction-pipe attached to it 12 feet long, which 
IS always ready for use, being screwed on to the suction-inlet with the 
strainer attached, and all complete. It is formed into a coil, and 
strapped to the levers when not in use. 
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The following is a description of a curricle suction-pipe : — 

It consists of a pair of gun-metal couplings, a coil of metal spiral, 
a canvass and vulcanized india-rubber covering, a lapping of wire at each 
end, and a leather washer. 

The coupling screws of a curricle suction-pipe are of the same con- 
struction as those used for other suction-pipes, and differ only in 
dimensions. They have a water-way of 2 inches in diameter. The 
pitch of these screws, or distance between the. centres of two consecutive 
threads, is '16 inch, and consequently the number of threads to an inch 
is 6*25, or 6i j the depth of the threads is nearly i-8th of an inch. 

There is a length of close metal spiral, made of galvanized iron wire, 
about I -8th of an inch in diameter ; this is soldered on at each end to 
the shank of one part of the coupling ; it is then secured on a mandrel, 
and so made ready to receive the covering. 

The covering is made of a mixture of canvass and india-rubber, there 
being four layers of canvass imbedded, and covered on both sides with 
india-rubber, and this composition is commonly known as 4-ply. 
This is formed into a large sheet, and while hot is stretched over the 
spiral, and when it has properly shaped, and the joints made perfect, 
it is put into a stove as a finishing process. This is called curing, or, in 
other words, vulcanizing or hardening, which is chiefly done with 
sulphur, but the exact process is known only to the manufacturers. 

This covering is then secured by copper wire ties or lappings at both 
ends, each lapping being composed of three distinct pieces, with a cor- 
responding number of independent fastenings, so that the breaking of 
one, or even two, will not necessarily disable the pipe. 

A leather washer is fitted to the female screw in the same manner as 
that described in the instructions concerning leather hose. 

Before taking this suction-pipe into use, great care should be taken 
that it is provided with a covering of No. i canvass, to prevent it from 
being chafed, or from grease getting to it, either being highly injurious 
and likely to destroy it in a short space of time. 

Especial care should be taken, when cleaning the couplings, that none 
of the oil used for that purpose comes in contact with the india-rubber 
covering, nothing being more calculated to rot or destroy it. 

The weight of a curricle suction-pipe complete, as here described, is 
26 lbs. 

A 20-FOOT Length of Steamer's Suction-Pipe. 

Most steamers carry one 20-foot length of suction-pipe always ready 
for use, it being screwed on to the suction-inlet, bent round, and laid 
along on the brackets placed for that purpose, and brought round either 
in front or behind the engine to the other side, according to circum- 
stances, with the strainer attached to it. 

The following is a description of a 20-foot length of steamer's suction 
pipe : — 

It consists of a pair of gun-metal couplings, a coil of metal spiral, 
a canvass and vulcanized india-rubber covering, a lapping of copper wire 
at each end, and a leather washer. 

The coupling screws attached to a steamer's suction-pipe are of 

H 2 . 
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precisely the same description as those used for manuals, and fully 
described in the instructions for leather hose, with the exception of the 
size and weight, which depend on the necessary diameter of water-way, 
in accordance with the size of the engine. Those now in use for 
steamers have a water-way of 3^ inches in diameter, and the screws are 
of the new pattern round thread ; the pitch of these screws, or distance 
between the centres of two consecutive threads, is i-5th of an inch, and 
consequently the number • of threads to an inch is 5 ; the depth of the 
thread is i-8th of an inch. 

The weight of a pair of couplings is as follows : — ^male part 5 lbs. 1 1 oz. ; 
female part — swivel 3 lbs. n oz., ferrule 2 lbs. 3 oz, — 5 lbs. 14 oz. ; total, 
II lbs. 90Z. 

There is in each a length of close metal spiral of galvanized wrought 
round iron, known as No. 3 Birmingham Wire Gauge, or commonly 
called ground iron. This is fastened on at each end to the shank of 
one part of the coupling ; it is then secured on a mandrel, and so made 
ready to receive the covering. 

The covering is made of a mixture of canvass and india-rubber, there 
being 4 layers of canvass, imbedded and covered on both sides with 
india-rubber; this composition is commonly known as 4-ply. It is 
formed into a large sheet, and while hot is stretched over the spiral ; 
and when properly shaped, and the joints made perfect, it is put into a 
stove as a finishing process. This is called curing, as previously 
mentioned. 

The covering is then secured at both ends by copper ties, or lappings, 
of the wire known as No. 12 Birmingham Wire Gauge, each lapping 
being composed of three distinct pieces of wire, with a corresponding 
number of independent fastenings, so that the breaking of one, or even 
two, will not necessarily disable the pipe. 

A leather washer is fitted to the female screw in the same manner as 
described in the instructions concerning leather hose. 

Before these suction-pipes are taken into use, they should be provided 
with a covering of No. i canvass, and the other precautions, as before 
described, should be adopted. 

The weight of a 20-foot suction-pipe for a steamer is about as 
follows : — suction with couplings i cwt. i qr. i lb., canvass 6 lbs. ; total, 
I cwu I qr. 7 lbs. 



TO TEST SUCTION HOSE. 

Screw on the pipe to an ordinary fire-engine, previously ascertained to 
be tight, and on its outer end place a cap with a vacuum-gauge attached. 
Then set the pump to work, watching the gauge closely at every stroke ; 
after which stop the pumps, and observe whether the gauge goes back. 
If the gauge advance steadily with the strokes, and remain at about 
14 lbs. after the pumps have been stopped, the pipe may be passed, but 
otherwise it should be rejected. 

As a general rule it is not advisable to test suction hose by means of 
internal pressure, but if it be discovered that there is a leak somewhere 
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and Its exact spot be not apparent, the suction may be removed from the 
inlet-pipe of the engine, screwed on to a force-pump at one end, stopped 
by a cap at the other, and then forced with air, and the hand passed 
along the outside to ascertain where the escape is. Should this not suc- 
ceed, the same pumping may be continued, and a lighted candle moved 
along the outside ; and should the flame of the candle fail to point out 
the position of the leak, water may be introduced into the pump, and a 
pressure may be got up inside not exceeding lolbs. on the square inch, 
after which the exact spot of the leak will probably be indicated by a jet 
of water issuing from it 

It is not, however, very usual to find leaks of any importance in these 
pipes, and in almost all cases a mere adjustment or change of the washer 
will be suf&cient to make them perfectly tight 
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Delivery pipes or hose are made of leather, india-rubber, canvass, or 
other materials, but the first-mentioned is that principally in use here, 
and it is to this description of pipes only that the present instructions 
refer. 

There are two principal kinds of delivery hose in use, one with a water- 
way of 2 J inches in diameter in the couplings, the other with a water-way 
of I J inches. Particulars of both kinds are here given. 

The couplings for 2^inch delivery hose are precisely the same as those 
used with 2^-inch suction-pipe in all particulars, except the threads, which 
in the delivery hose are V shaped and not round. 

How the particular pattern of 2j-inch screws which we now have in 
use for delivery hose ever came to be adopted, I cannot understand, as it 
has no exact number of threads to the inch ; the threads are exceedingly 
sharp — ^in fact, have a knife edge, which is turned by striking against any- 
thing hard — and the difficulty of making the joints on dark nights, and 
in muddy streets, is much greater than it ought to be for such a business 
as ours. 

In all probability, this peculiar screw may have been largely in use in 
some one factory, or perhaps some town, and may have been accidentally 
adopted in the first instance by persons obtaining new hose in the same 
neighbourhood in order to match, and so by degrees have crept into 
general use. At all events it has been here for many years, and although 
I still hope that the time will come when it may be condemned, and a 
bolder and more rounded thread substituted for it, yet for the present 
we must make the best of it, and this can only be done by carefully 
examining and studying the advantages and disadvantages of every 
detail connected with the couplings. 

Specification for 2^-inch Delivery Hose. 

1. To be made from best English butts, not exceeding 4 feet 9 inches 
long, cut from steer or heifer hides. 

2. The leather to be tanned with oak bark, to be shaved level, and to 
be well curried. 
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3. The strips to be cut from the hind or prime part of the butt, ex- 
cluding all neck and belly. 

4. The strips to be free from flaws and warble holes. 

5. The strips to be 9I inches wide. 

6. Each strip to have half-an-inch along each end shaved to iVth of 
an inch thick ; this shaving being at the end next the male screw on the 
grain side, and at the end next the female screw on the flesh side. 

7. The edges of the strips at the longitudinal seam pot to be shaved 
at all, except for a length not exceeding 2 inches at the cross-joints. 

8. The strips to be not less than i^ths oi an inch thick in any part, 
except where shaved down at the cross-joints. 

9. The strips to be cut to an angle of 120° at one side, and 60° at the 
other, and to be closed with 10 rivets on the longer side beyond the 
right angle. 

10. Each strip, when prepared, shaved, and punched, to be examined 
by an officer of the Fire Brigade, and to be duly marked, and no strip to 
be used which has not been so marked. 

11. The strips to be closed at the cross-joints with 17 rivets, inde- 
pendently of those which form part also of the longitudinal seam. Four 
of these rivets on each side to be cut and filed so as to prevent the 
heads penetrating the leather in the fold. 

12. The obtuse angle of each strip, at the end next the female screw, 
to be on the left from the female screw ; and each strip at that end to 
be closed for the cross-joint with the obtuse angle on the outside. 

13. The obtuse angle of each strip, at the end next the male screw, 
to be on the right from the female screw ; and each strip at that end to 
be closed for the cross-joint with the obtuse angle on the inside. 

14. The hose to be made up with the grain of the leather inside, and 
the flesh outside. It is also to be closed right-handed — that is to say, 
the right hand edge of the strips, looking from the female towards the 
male screw, is to be on the outside, and the left-hand edge on the 
inside. 

15. The rivets and washers to be of the best wrought copper, properly 
tinned, to prevent verdigris. 

16. The rivets for the longitudinal seam to be those commonly known 
as No. 8, and the rivets for the cross-joints and the beckets to be those 
commonly known as No. 6. 

17. The rivets in the longitudinal seam to be halfan-inch apart, 
measuring from centre to centre. 

18. The centres of the lines of rivets to be Aths of an inch from the 
edge for the longitudinal seam, and one inch from the edge for the cross- 
joints. 

19. The hose to be made up in lengths of 40 feet each, measured on 
delivery, and before testing by pressure. 

20. Each 40-feet length of hose to have not less than 9 or more than 
lo strips. 

21. Each length of hose to be provided with a pair of union coupling- 
screws. 

22. The couplings to be of the best gun-metal, and to be made to the 
prescribed gauge, with a clear water-way of 2J inches diametei 
throughout 
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23. The couplings to be made with a swivel on the female part 

24. Each double coupling, without washers, to weigh not less than 
5 lbs. 4 ounces. 

25. Each female coupling to be provided on the swivel with two 
strong lugs, each 7-8ths of an inch long. 

26. Each female screw to have the lower threads of the swivel cut 
way, and a chamber sunk for the leather washer. 

27. Each male coupling to be provided with two strong lugs, each 
li inch long. 

28. Each male screw to have i-8th of an inch of plain metal pro- 
jecting beyond the end- of the thread, the sharp end of the thread 
removed, and the extreme point left rounded. 

29. All the couplings to be delivered to the Fire Brigade for examina- 
tion before being fixed in the hose, and only those to be fixed that are 
marked as approved. 

30. The couplings to be fixed in the hose with the best copper wire 
of No. 16 gauge, hove on without the use of pliers, pincers, or any other 
implement which would crush or injure it The end of the coupling to 
come between the first and second rivets, and the wire lapping to come 
to the first rivet. 

31. The lugs of the male screw to be so placed as to stand across or 
at right angles to the longiUidinal seam. 

32. The wire for each half<:oupling to be in three pieces, each piece 
witii an independent fastening. 

33. Each 40-feet length of hose to have four hand loops fitted to it 
The first to be 5 feet from the coupling-screw, the second 15, the third 
25, and the fourth 35 feet; or the first to be 8 feet from the female 
screw, the second 18, the third 28, and the fourth 38 feet 

34. The hand-loops to be 2 1 inches wide, and of the same material 
and substance as the strips. 

35. The hand-loops to be cut at the ends to angles of 45°, and to be 
of the following dimensions, in inches, namely : — 21 x 3! x 15! x 3f, 
with the extreme points cut or roimded ofi" to a distance not exceeding 
half-an-inch. 

36. The hand-loops to be riveted to the hose with 6 tinned rivets and 
washers, 3 on each end ; the ends to be on the opposite side from the 
longitudinal seam, and tiie points towards the female screw ; the ends 
to meet, but not to overlap each other. 

37. Each 40-ft. length to be provided with a leather strap 3 ft. 3 in. 
long and i^inch wide, with a roller buckle riveted to it, and a collar to 
slide along the hose. 

38. The internal diameter to be full 2|ths inches in the clear, and 
the examiner to be at liberty to cut any length, in order to test the same. 

39. The inspecting officer to be at liberty to cut any lengths of hose 
at any part, and if no defect as to size or any other particular be found, 
the Brigade to be at the expense of re-jointing. 

40. The hose to be proved to a continuous pressure, not exceeding 
100 lbs. on the square inch, at the discretion of the inspecting officer, 
and to his satisfaction. 

41. Should any length, while being proved, show a swelling of 8 inches 
long, such length to be rejected 
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42. The whole to be finished in a workmanlike manner, to the satis- 
faction of the chief officer of the Fire Brigade, who shall be at liberty 
to reject any length of hose that may be supplied, without assigning any 
reason for so doing. 

43. The manufacturer is cautioned not to hammer the rivets hard ; 
the joints when new should be merely closed, and the rivet heads and 
washers should not be flush with the leather. 

44. For the convenience of parties tendering, there are sealed patterns 
of the following parts, which can be seen on application, namely : — 

1. A forty-feet length of hose, with couplings and other fittings 
complete. 

2. A pair of couplings, without a washer, and not tied in, 

3. A washer. 

4. A cross-joint laid open for the purpose of examining the mode 
of filing some of the rivet heads. 

5. A longitudinal seam. 

6. A hand-loop or becket, not fastened on. 

7. A riveted collar and strap. 

45. No length of hose will be accepted, any portion of which is of 
inferior quality or workmanship to these patterns. 

Details of a New Length of 2|-inch Hose. 

The following are the exact details of the parts of a new length nevet 
used : — 

lbs. oz. 
Number of rivets in longitudinal seam. No. 8 gauge, 24 to the 
foot, 944. 

Weight of do. with washers 13 o 

Number of rivets in 9 cross-joints, No. 6 gauge, 17 in each. 

Weight of do. with washers ••• ••• ••• x 9 

Diameter of lugs in inches, i3-i6ths. 

Pitch of screw '196 inch. 

Number of threads to each inch, about si. 

Depth between threads in inches, about i-8th. 

Number of complete turns necessary to make a joint, about 3. 

Weight of a pair of couplings — 

Male part ... ... ... ... ••• 2 lb. 9I oz. 

Fe„.alepart{|7j^l.^ J^^. 9|oz.| ... , „j 

5 Si 

Length of wire-lapping, in feet, 28 at each end, 56. 

Weight of do., 5^ oz. at each end ... ... ... ... o 11 

Weight of a riveted collar and strap o 7i 

Number of rivets in 4 beckets. No. 6 gauge, 6 in each, 24. 

Weight of do., including washers, I ioz. each o 5 

Number of strips of leaSier, 10. 

Weight of do., including the beckets ... 30 10 

Total weight when made up for use, 52 lbs. 
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This was an unusually heavy length, and was selected for weighmg on 
that account It had the maximum number of strips allowed, and con- 
sequently the greatest number of cross-joints with overlaps and rivets ; 
it was also perfectly new, and had therefore not been reduced in weight 
by wear and tear. 

The average weight of new 2|-inch leather hose, made according to 
the foregoing specification, is 48^ lbs. a length. 

In a recent inspection of upwards of 1,300 lengths, or about 10 miles, 
of leather hose, varying in age from a few weeks to 22 years, it was 
found that the average weight of a length was 47 J lbs. 

The average dimensions of a coil of 2|-inch leather hose made up 
ready for use are 20 inches in diameter by 4^ inches in thickness. 

The quantity of water contained in a 40-feet length of new hose 
imder pressure, varies slightly according to the elasticity of the leather, 
but it is found on an average to be almost exactly 10 gallons, or 100 lbs. 
The total weight, therefore, of each length of hose when in operation 
may be roughly estimated at about ij cwt.; and when it is remembered 
that in certain cases, as when working on houses of 70 or 80 feet in 
height, the total fixed weight suspended by the line is about 3 cwt., 
which may be fiirther increased by the strokes of the pump or the jerks 
caused by pulling and adjusting the pipes, it will be seen that it is of 
the utmost importance to have the beckets cut and fixed on a correct 
principle, as explained in the specification, so that each of the six rivets 
shall bear its proper share of the weight. 

i^iNCH Delivery Hose. 

The couplings for i|-inch delivery hose are the same in principle as 
those already described for suction-pipes and 2 J-inch delivery hose, but 
differ firom the former in diameter and from the latter in the thread, 
which, not requiring to be adapted to a previously existing pattern, is 
made round and not V shaped. 

The pitch of these screws, or distance between the centres of two 
consecutive threads, is •2-inch, and consequently the number of threads 
to an inch is 5 ; the depth of the threads is about i-8th of an inch. 

The distance which the male screw goes into the female screw is about 
2-5 ths of an inch, and the number of complete or round turns of the swivel 
part, necessary for the making of the joint, is consequently about two. 

It is not necessary to give in full a specification for i^inch delivery hose. 

Details of a New Length of iJ-inch Hose. 

The following are the exact details of the parts of a new length never 
used : — 
Number of rivets in longitudinal seam, No, 10 gauge, 27^ to the 

foot, 1090. lbs. oz. 

Weight of do. with washers 5 2 

Number of rivets in 9 cross-joints. No. 8 gauge, 12 in each, 108. 

Weight of do. with washers 014 

Diameter of lugs in inches, 7-i2ths. 

Pitch of screw, 2-inch. 

Number of threads to each inch, 5. 

Depth between threads in inches, about i-8th. 
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Number of complete turns necessary to make a joint, about 2, 
Weight of a pair of couplings — 

Male part olbs. 15 oz. 

Female Dart ( ^^^^^^ °^^- ^^^'X r , 

^^°^^^P^i Ferrule, 06)-^ ^ 



lbs. od. 

2 2 



Length of wire-lapping, in feet, 24 at each end, 48. 

Weight of do., 4 oz. at each end o 8 

Weight of a riveted collar and strap o 5 

Number of rivets in 4 beckets, No. 8 gauge, 6 in. each, 24. 

Weight of do., including washers, i oz. each o 3 

Number of strips of leather, 10. 

Weight of do., including the beckets 16 14 

Total weight when made up for use, 26 lbs. 

The average weight of new i^inch leather hose made according to 
the foregoing specification is 25 J lbs. 

The average dimensions of a coil of ij-inch leather hose, made up 
ready for use, are 18 inches in diameter by 2f inches in thickness. 

The quantity of water contained in. a 40-feet length of new i|-inch 
hose imder pressure, varies slightly, according to the elasticity of the 
leather, but it is found on an average to be almost exactly 4 gallons, or 
40 lbs. The total weight, therefore, of a length full of water is about 
66 lbs., or a little more than a third of the weight of 2^inch hose. 

This hose has several great advantages over that of a larger size ; it 
can be worked with only a nozzle and without a branch ; is light to 
handle when full of water ; and nearly a double quantity can be carried 
on an engine. It does not, however, give as good a result as that of 
greater diameter when used with the large pumps, or when worked 
with a nozzle over f of an inch in diameter. 

The quantity of hose at present in use in the London Brigade is as 
follows : — 

Size. No. of lengths. Total length in feet 

2i ... ... I9317 *•• ••• 5^9^^^ 

ij ... ... 639 ••• ••• 25,560 

Total 1^956 78,240 

or almost exactly 15 miles. 

No new 2 J-inch hose has been made for the Brigade for several years, 
nor is it probable that any will be made for many years to come, as the 
present stock is more than sufficient for the steam-engines ; and when 
supplies are wanted to keep up the necessary quantity, they are made of 
the smaller size, which is found much more convenient for general work, 
and is greatly preferred for use at the commencement of fires, particu- 
larly in outlying or short-handed stations. 

TO TEST DELIVERY HOSE. 

Delivery hose is tested in the following manner : — 
It is attached by means of the female screw to a common force-pump 
with an air-vessel and a pressure-gauge; it is laid out in a perfectly 
straight line with the rivets upwards, so that the whole seam can be 
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watched at the same time ; and to its male screw there is attached a 
piece of copper pipe, with a corresponding female swivel screw. On the 
side of this copper pipe is screwed another pressure-gauge, and at its end 
there is a cap which closes it up. In the centre of the cap there is an 
air-cock, which can be opened and shut at pleasure. When the pump 
commences to fill the pipe with water, the cock at the end should be 
kept open, so as to allow the air to escape, and, as soon as water is seen 
to run out, the air-cock may be closed, and the gauges carefully watched 
at both ends until the desired pressure is obtained. 

All new hose leaks or " sweats " through the pores of the leather, and no 
length should be rejected for this cause alone, unless the leakage be ex- 
cessive ; small warble or insect holes not exceeding i-i6th of an inch are 
of no consequence, as they are certain to close in a short time, and short 
swellings of one or two inches may usually be passed unnoticed ; but 
badly-closed seams or cross-joints — broken rivets, or rivets imperfect in 
the head, washer, or any other part — cuts in the leather, which may be 
found notwithstanding that the strips have been examined and marked 
before being made up — ^warble holes too large to be closed by a rivet — 
swellings exceeding 8 inches in length — or the fact of the longitudinal 
seam taking a spiral form when imder pressure — ^all these are signs of 
a bad hose, and should insure its rejection. 

The mere blowing out of a screw under pressure, though causing 
trouble in the inspection, and showing carelessness or ignorance on the 
part of the manufacturer, need not necessarily involve the rejection of 
the length to which it belongs. The inspecting officer will, in most cases, 
do well to have the screw tied in again under his own supervision on the 
spot, and if it blow out a second time imder pressure, which it will not 
be likely to do, he will then be sure that there must be a defect either in 
the leatiier, the wire, or the shank of the screw — ^most probably the 
latter — ^and he should reject the length accordingly. 

It should be thoroughly understood that any pressure is injurious to 
hose, and that, as a general rule, no test should be carried beyond such 
a point as to satisfy an experienced person that the material, workman- 
ship, and strength, are in accordance with the necessary requirements, 
and with the conditions specified in the contract. 

The dangers to be apprehended from the use of the hydraulic test are 
twofold. One is, that the fibres of the leather may be unduly strained, 
and the hose in consequence permanently deteriorated. This can, of 
course, be easily avoided by attention on the part of the inspecting 
officer, whose experience will guide him as to how far he is safe to go. 
In examining new hose, however, it may be his duty to apply the 
maximum test by keeping on a continuous pressure at the highest point 
named in the tender, and, when such is the case, he is of course bound 
to go on, leaving the consequences, if unfavourable, to fall on the manu- 
facturer. The other risk is, that the internal pressure tends to force the 
stuffing or dressing out of the pores of the leather when it is new and 
green, and that it is extremely difficult to get the grease in again ; the 
leather may consequently become hard and dry, the fibre may crack, 
and, when this happens, the hose is certain to burst under pressure. 

These are serious drawbacks to testing by hydraulic pressure, but I 
am clearly of opinion, notwithstanding, that new leather pipes should 
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never be accepted from a manufacturer without some portion being 
proved by forcing, and that consequently in every agreement for the 
supply of hose there should be a clause giving the inspecting officer full 
power to use his own discretion in the matter, without any limit, except 
that of the maximum pressure named in the tender. 

If the inspecting officer have full confidence in his own judgment and 
experience, his best coiurse will be to select a few lengths indiscriminately 
for the maximum pressure, and, if these stand the test well, he might 
put the remaining lengths imder a slight pressure, not exceeding lo or 
15 lbs. on the square inch, for the purpose of ascertaining that the 
seams and joints are properly closed. 

After being tested, new hose should be carefully dressed, according to 
the mode pointed out further on, and should be laid up and not brought 
into use for a considerable time. Every hour during which hose can be 
spared from work while it is green will be of permanent advantage to it ; 
and if it can be laid by for about twelve months after it has been made 
up, and carefully attended to during that time, there is no reason, so far 
as I know, why it should not last for 40 or 50 years. 

INSTRUCTIONS FOR THE CARE AND MANAGEMENT 

OF LEATHER DELIVERY HOSE. 

Receipt for Dubbing. 

Melt 2 J lbs. of perfectly clean tallow, free from salt, and mix with it, 
when hot, i gallon or 9 lbs. of Cod oil. 

The best mode of clearing tallow for this purpose is to boil it in water, 
which will take up the salt and other impurities, and can be poured away 
when cold. 

Care must be taken not to boil the oil, as this would deprive it of 
some of its principal qualities. 

The tallow must be first melted, and, when it is warm, the oil is to be 
poured on, and stirred into it until the whole mixture is perfectly cold. 
This will make a good stiff dubbing. 

To apply the Dubbing. — ^Thoroughly wet the hose with clean fresh water, 
and brush it well, so as to leave no dirt on it ; then hang it up to dry, 
either by the centre, or, if there be room enough, by one end, but not 
on any account by both ends, as in this latter way it would not drain 
itself properly. 

When it is about half dry, which it should be in a day or a day and 
a-half after it has been hung up, rub it well on the outside with the dub- 
bing, and hang it up again in a dry airy place, but not under the sun or 
near. a fire, and, as the remaining water evaporates, the dressing will 
enter the leather and make it soft and pliable. 

To keep the Couplings in order. — ^The coupling-screws should always be 
kept perfectly clean, and free from grit or dirt, and in cleaning them 
great care must be taken not to damage the threads. 

The outside of the swivel ring, containing the female screw, and the 
lugs of both screws, should be highly polished with brick-dust or rotten 
stone ; but the threads and water-ways should be merely rubbed bright 
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with a brush dipped in oil, and wiped off afterwards with cotton waste, 
or some other soft substance. 

This, if done properly, will remove all dirt from the screws without 
injuring the thread, as brick-dust or any other gritty substance would do. 

Should there be any reason to suppose that a screw is damaged, how- 
ever slightly, in any way that may cause delay or difficulty in making the 
joints, the length of hose to which it belongs must be laid aside, and on 
no account brought out to a fire again until the couplings have been 
carefully tested with the steel gauge kept for the piurpose, and, if neces- 
sary, adjusted to the proper standard. 

Particular care must be taken to see that the leather washers are clean 
and free from grit, and, when this has been ascertained, they should be 
well rubbed with pure oil, so as to keep them soft and in good order, 
and the swivel ring should be so slack that the female screw should 
revolve freely. 

If these rules be strictly observed, the difficulty of making perfectly 
tight joints when laying out the hose will be much reduced. 

To make up the Hose for use, — ^After the first coat of dressing has been 
absorbed, give the whole of the leather a light brush over with a small 
additional quantity of dubbing, and then roll up the hose in coils, com- 
mencing at the male screw, and taking particular care to have all the rivets 
in the centre of the outside, so that when the coils are afterwards unrolled 
for use, the hose will come off in straight lines without kinks or twists. 

On the attention which is paid to this point depends almost entirely 
the success of Firemen in the proper laying out of long lines of hose 
with the quickness and accuracy necessary for fire service. 

In making up the hose the hand-loops or beckets should be folded 
up, and turned in, so as not to protrude from the coil. 

The collar of the leather strap should be slipped up to within six or 
eight inches of the female screw, and so turned that the rivet and strap 
shall be on the outside, and care must be taken to avoid allowing the 
collar to come too near the end, as in such a case the heaving up of the 
strap in the buckle might damage the shank of the screw. 

To preserve the Hose, — ^The coils must be occasionally examined, and, 
if the slightest appearance of mould or damp be found on them, they 
should be opened, carefully brushed over with a dry brush, and hung 
up for a short time, after which they may, if very dry, be again brushed 
over with a light coat of dubbing, previously to being rolled up for use 
as before. 

The strength of the leather is in the fibre, and, if this be allowed to 
become hard, it cracks, and the hose consequently bursts when put 
under pressure. 

Constant attention therefore is required to keep the hose soft and 
pliable, and to prevent it becoming dry and hard, which it is certain to 
do, either if it does not receive a good coat of dressing at the proper 
time,^ as before explained, or if it is left too long without dressing. • 

Leather hose should, if possible, be kept in a warm dry place with 
free ventilation, and, where this cannot be done, as in the hose-box of 
a fire-engine, it is advisable to keep the hose-box lid occasionally open, 
so as to admit a sufficient quantity of fresh air to prevent the dressing 
becoming randd. 
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INTRODUCTORY. 

The distance to which a stream or jet of water can be projected through 
a still atmosphere depends on a variety of conditions, such as its size, 
form, steadiness, and velocity at the point of exit. 

Every jet has its limit, beyond which no increase of force can drive 
it. Thus, a stream passing through a hole of an hundredth of an inch in 
diameter cannot be made to go more than a few feet from the orifice, 
even though subjected to a pressure of looo lbs. on the square inch; 
whereas a stream of i inch in diameter may be forced to a considerable 
distance under a tenth of the same pressure. 

The distances to which jets of different sizes can be projected imder 
various circumstances form the subject of a separate branch of study, 
and are specially excluded from that now imder consideration. 

The following pages contain simply an account of the mode adopted 
for reducing a circular stream of water by means of a pipe, called a 
branch, from an area of 2^ inches in diameter to an area of i J inches 
in diameter, and by means of a pipe, called a nozzle, from an area of 
i^ inches in diameter to several smaller sizes; with an explanation of 
the general principles on which the reduction or contraction is effected ; 
some mechanical details concerning the material and workmanship of the 
pipes employed for the purpose ; the ordinary rules to be observed for 
keeping the pipes in order ; and a few other particulars incidental to the 
subject 

GENERAL PRINCIPLES. 

The flow of a stream of water in an enclosed pipe is uniform, not- 
withstanding that the pipe itself may be of various sizes at diflferent 
parts ; that is to say, when the water is in motion, a similar quantity 
passes every part of the pipe in the same time. 

If, therefore, the area of the pipe at any spot be only half the area at 
any other spot, the water must pass the former with twice the velocity 
with which it passes the latter. 

The velocity may be increased to ahnost any extent at any spot by a 
contraction of the pipe, provided that the water continues to flow as 
before ; but if the contraction of the pipe retard the flow of the whole 
stream, a result in proportion to the diminution of the area is not 
attained. 
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Now, the throttling or contracting of a stream has always a tendency 
to retard the flow, and consequently to reduce the quantity; and if it be 
necessary to overcome the increased resistance of the contracted part, 
a power of some kind must be applied or added. 

Thus it will be perceived, that many difficulties are encoimtered when 
an attempt is made so to shape and otherwise arrange a pipe as to 
obtain the maximum of contraction with the minimum of obstruction — 
or, in other words, the greatest possible velocity with the least possible 
diminution of quantity. 

These difficulties, however, can be to a considerable extent obviated 
by a proper application of the true principles by means of which the 
desired result should be attained. 

The general object of reducing a stream of water inside a pipe to a 
smaller area is to increase its velocity, and so give it a greater force to 
propel it through the atmosphere; and, if the velocity of the rest of the 
stream within the pipe be kept up, whether by gravitation, machinery, 
or any other means, it is obvious that this general object may be to a 
great extent attained. 

If, however, the throttling or diminishing of the water-way be carried 
out in such a way as to cause heavy loss by friction or obstruction, the 
result will be, either the delivery of a reduced quantity of water, or the 
necessity for a greater power to overcome the increased resistance. 

The directing pipe at the end of a hose is intended to effect this 
object, and much depends on its proper formation and accuracy, so as 
to ensure the delivery of the largest possible quantity of water at any 
spot within its range. 

Circular streams are found more effective as jets than those of any 
other form, and, when reduction pieces are used, it is found a great 
advantage to place them in such a position that they may be concentric 
with that part of the pipe to which they are attached. 

Thus, the branch should be concentric with the end coupling of the 
hose, and the nozzle concentric with the branch. 

For a long time it has been the custom of ignorant or interested 
persons in this and other countries to treat the maximum height or 
distance to which a portion of a jet of water can be thrown as the true 
measure of the efficiency of the jet, but the most superficial consideration 
of the subject will suffice to show that any deductions from the results 
of such a test must almost always prove erroneous. 

The mere maximum distance reached by any part of a stream driven 
through the air affords no trustworthy criterion whatever of the merits 
either of the nozzle itself or of the power by which the water is projected. 
It is 'well known to all practical persons, that engines of different powers 
and capacities, and nozzles of almost the best and worst forms, prove 
very nearly alike when subjected only to this fallacious test. 

Thus, if there be two streams projected from nozzles through the air, 
boA delivering the same quantity of water, and reaching the same maxi- 
mum distance, and if one deposit half the quantity passing through it at 
the extreme point, and the other deposit only one-fourth of the quantity 
at the same distance, the efficacy of the two would be very different 

There is but one way of ascertaining accurately the efficiency of a 
nozzle^ and that is^ to test it under various pressures, and in each case to 
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measure the quantity of water which it deUvers at the several points 
within its range. 

The hose in ordinary use terminates in a male screw, with an internal 
water-way of either 2^ inches or i^ inches in diameter, and water passing 
through it at the rate of some 200 gallons a minute would be projected 
to a distance of only about lo or 20 feet. 

As such a stream, though perhaps in many cases abundant, so far as 
quantity is concerned, would be useless for the general purposes of a fire 
brigade, it is necessary to obtain a greater propelling power in some way, 
and the simplest mode of effecting this object is to attach to the end of 
the hose a reduction-piece, which, by causing a contraction in the area 
of the stream at the point of exit, increases its velocity, and so enables it 
to travel to a greater distance. 

The requirements of a fire brigade in this way are so variable, that it 
is sometimes necessary to change the velocity or the quantity of a stream 
many times during the progress of a single fire, and in many cases this 
has to be done by means of the reduction-piece only. 

Now the reduction-pieces are also the directing pipes, and being ntiade 
long enough for the latter purpose, are somewhat cumbrous to carry; it 
would therefore be exceedingly inconvenient to have a separate directing 
pipe for each jet required. 

This difficulty is obviated by making the directing pipe in two parts, 
called respectively the branch and the nozzle. 

The branch has a fixed length, and reduces the area to a certain point, 
which is about one-third of that in the hose. The nozzles are all made 
to commence at this point ; they fit on the end of the branch, or the end 
of the i^-inch hose, and terminate in various sizes, any of which can be 
used to effect such fiirther reduction as may be required. 

Thus, in order to obtain jets of several different sizes, it is not neces- 
sary to carry about a corresponding number of complete directing pipes, 
as the same result can be attained by having only one branch and the 
necessary number of nozzles. 

For convenience and simplicity, these two parts of the directing pipe 
are described separately under the head of branches and nozzles respec- 
tively. 

THE BRANCH. 

It was formerly the practice to carry on each engine one branch of 
about a foot in length, and another of about four feet in length. These 
were called respectively the long and short branches, and it was supposed 
that the former delivered a better stream than the latter; a simple 
experiment however proved that, if any difference in efficiency existed, 
it was so slight that it could not be discovered by any ordinary test 
The inconvenient custom of carrying two different sizes has consequently 
long since been discontinued, and a standard branch established, 15 
inches long in the internal pipe, or 16 inches including the extremities 
of both bosses. 

Each engine which is fitted for 2|-inch hose carries two such branches. 

A branch of the pattern in use is a circular tapered pipe, of the length 
already mentioned, namely 15 inches, with a water-way of 2 J inches in 
diameter at one end, and of i^ inches in diameter at the other. It is of 
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copper, of i-i6tli of an inch thick, Na 17 Birmingham wire gauge, or a 
little under, and is mounted at eadi end with a gun-metal boss. 
The pipe is made in the following 

manner: — 

A piece of sheet copper, of the 
substance already mentioned, which 
wei^s 2 J lbs, to the square foot, ii 
cut to a length of 1 5 inches, and to 
a width of 10 inches, tapering to 5 
inches. 

It is bent over a mandrel, until the 
edges meet, and overlap each other 
about 3-i6ths of an inch, and when 
in this position it is bound with a 
piece of wire to keep the parts to- 
gether. The joint is then soldered 
along the whole of the inside with 
a spoon. 

The solder is of the kind known 
as brazing solder; it is of copper 
and zinc, with some borax mixed 
through it to make it run. 

After the solder has been run in, 
the pipe is first subjected to a slow 
heat, in order to dry the water out 
of the solder, and it is then put over 
a strong fire ; at this stage the copper 
is brought to nearly a melting heat, 
and, in order to run off any unneces- 
sary quantity of solder, and leave 
only enough to cover the seam, the 
pipe is held on a slight incline, and 
finally shaken, to get rid of any sur- 
plus that remains. 

It is then put on another mandrel 
and hammered to a correct circular 
taper, after which the ends are 
cleaned and tinned to receive the 
bosses. 

Both bosses are of gun metal, I 
bored to a taper to match the taper ' 
of the pipe ; and, when the latter is i Scale, 

fixed inside them, the larger boss has a clear romid water-way of 3 J inches 
in diameter, and the smaller one a water-way of i J inches in diameter. 

The proportions of metal are— 16 oz. of clean copper, ij oz. of tin, 
J oz. of brass, or copper and zinc 

This mixture should be fused twice, being first poured out into an ingot, 
and afterwards melted for use; this gives a perfect granulation of the metal. 

The boss at the larger end projects one inch beyond the end of the 
copper pipe, and has a female screw cut inside the projectmg part 
This femde screw is precisely the same as that on the swivel of the 
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couplings, and can therefore be attached to the male screw of the hose ; 
and for the purpose of forming a water-tight joint it is mounted cm the 
inside with a washer in a recess formed for the purpose by cutting away 
the bottom threads of the screw. The copper pipe overlaps the washer 
to the extent of i-8th of an inch, and thus secures it firmly in its place. 
Outside the screw this boss is round ; in that part which is attached to 
the copper pipe it is cut for a depth of one inch to a hexagon, or six- 
sided shape, to take a spanner, by means of which the branch can be 
forced on or off; and for about f of an inch it is again round, and at this 
latter part it is only 3-i6ths of an inch thick. The boss at the smaller end 
has a male screw cut on its outside to take the female screw of the nozzles. 
It is mounted with a leather washer, which encircles the lower threads of 
the male screw, and, resting on the projecting shoulder of the boss, receives 
the lower face of the nozzle screw, thus forming a water-tight joint 

The bosses are tinned inside by dipping, and the ends of the pipe are 
tinned outside, those parts being whitened where the tin is not to adhere. 
The tin is allowed to cool, after which the bosses are slipped on into 
their exact places, and the whole held over a clear fire until hot enough 
to melt the solder thoroughly, and an ordinary stick of soft solder, of 
two parts of tin and one part of lead, is touched to the upper part of the 
joint, so as to run in. The whole is then allowed to cool, after which 
the whitening is brushed off, leaving only the solder in the joint, and any 
which remains on the outside is cleaned off in the lathe. 

The delivery at the end of the branch inside the smaller boss is made 
cylindrical by means of a tool in the lathe for a distance of 2^ inches, or 
once and a half the diameter of the opening, so as to deliver an average 
good i|-inch jet, without a separate nozzle. The branch, when in the 
lathe, is cleaned ofif by a float file, which merely touches it lightly, so as to 
remove the marks of the hammer, and it is finally polished by means of 
emery cloth and oil. Each branch has the number of the engine to 
which it belongs stamped in small figures across one of the sides of the 
hexagonal part. 

NOZZLES. 

A nozzle, or nose pipe, is, as before mentioned, 
a short additional reduction-piece, which can be 
attached to the end of the branch. 

Its object is to reduce the area of the water-way 
from a circle of i J inches in diameter at the end of 
the branch, to a circle of smaller dimensions at the 
extremity or orifice from which the jet is discharged. 

In order to accomplish this object with the least 
possible obstruction, jerk, or fiiction, and to allow the 
water to pass out in a firm steady stream, which will 
keep its shape for the longest possible time when pro- 
jected into the atmosphere, many forms have been 
tried at various times and in several countries. 

That which is known as the contracted vein A has 
been much used in England, but it is, in my opinion, 
adapted only for drawing water out of tanks, or de- 
livering under very low pressures, in which cases no 




BRANCHES AND NOZ2LES. 



"S 



difficulty is ever experienced in obtaining a clean jet, as may be seen by 
watching water running out of a bung-hole of a barrel, when it will be 
observed that a perfectly clear, transparent, and steady stream passes out 
of a comparatively rough opening, formed by a common auger, and not 
truly rounded or finished ofif beyond what is necessary for the reception 
of a coarse bung. 

This kind of nozzle has the disadvantage of suddenly changing the 
form of the stream within a few inches of the orifice, and thereby 
creating a considerable unnecessary amount of jerk and fiiction. 

A better description of nozzle than this is a plain taper B, or con- 
tinuation of the taper of the branch, but this has the disadvantage of 
delivering the water in a wire-drawn stream, which at the point of exit 
is of somewhat smaller area than that of the extremity of the pipe. 
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Such a stream has a tendency to resume its proper size immediately 
after leaving the orifice, and, having nothing to limit its expansion, 
spreads to an undue extent, thereby exposing an increased surface to 
the resistance of the atmosphere, and consequently delivering a pro- 
portionately reduced quantity at any spot which it reaches. 

A still better description of nozzle is a plain taper, as last described, 
with the addition of a short cylindrical piece at the end. 

Such a nozzle C will deliver a stream of the full size of the orifice, but 
the reduction of area in a tapered pipe is irregular, and in those 
usually made the distiurbance and friction are somewhat considerable 
at the point where the conical and cylindrical portions of the pipe join, 
and consequently the stream, though clear and steady, issues from the 
nozzle with a somewhat reduced velocity. 

There is another nozzle D, which though at one time much used in 
America, particularly for trials. of engines, appears to me to be so deceptive 
in its character as to be worthy of little notice beyond an indication of 
the errors likely to result from its use. 

I 2 
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It is formed of a plain taper or other reduction-piece, with a pro»- 
jection or ring of the supposed size of the jet placed within a short 
distance of the orifice. 

The water passing through the reduction-piec« strikes against the 
inner shoulder of the ring, and is there formed into a stream, which 
issues from the orifice in a sufficiently clear jet, but which is never, 
under any circumstances, of the full size of the ring through which it 
passes. If the pressure be very low, such as that due to a head or 
column of one or two feet, the issuing stream very nearly fills the ring, 
without, however, so far as I have been able to observe, ever wetting 
the whole of it ; but when a heavy pressure, such as loo lbs. or 150 lbs. 
on the square inch, is applied, the deception is perfectly obvious, as 
there is no difficulty in seeing a clear space between the water and the 
outer end of the ring. There is also another fault in these nozzles, 
namely, the collecting inside the inner shoulder of the ring of a small 
quantity of air, which, being compressed, is constantly forced against 
liie water, and disturbs it to a somewhat serious extent until the air is 
exhausted, which sometimes does not happen for several minutes after 
commencing. 

I have a very distinct recollection of an attempt made to deceive 
me some years ago with jets of this description. I had myself gauged 
the nozzles accurately, and found them to be exactly one inch in 
diameter inside the rings ; but when I saw the jets I found them 
somewhat smaller than I expected. I then examined them carefully 
close by the nozzle, and, looking inside, I perceived a clear space 
of about Tffth of an inch between the water and the outer end of 
the ring, showing that the diameter of the stream was |th of an 
inch less than that of the ring. In fact, the jets, instead of being 
I inch, were only gths of an inch in diameter, or about three-fourths 
of the size which they were represented to be. The nozzles, on 
examination, proved to be of somewhat rough workmanship and 
finish, and ' this may in some degree account for the large difference 
between the size of the stream and that of the ring; but I have 
no doubt that when a ring of this kind is used, however well it 
may be finished, the stream which issues from it is in all cases smaller 
than the ring itself, and spreads sooner than a stream of the same 
size projected from a nozzle with a cylindrical end. 

The nozzle which I have found most adapted for projecting a stream 
of water through the atmosphere to the best advantage is formed in the 
following manner :— 

Draw an axial or central line through the branch, and at its opening 
and at a distant point outside the opening draw lines cutting the axial 
line at right angles. 

On each of these cross lines on either side of the axial line set off a 
part equal to half the diameter of the required nozzle. 

Draw a line between the two points on the one side of the axial line, 
and another line similarly between the two points on the other side, thus 
forming a pair of parallel lines to mark the direction and magnitude of 
the jet. 

iUong each of these lines lay off seven points, at distances equal to 
half the difference between the diameter of the end of the branch and 
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that of the nozzle, and across each of these pairs of points draw lines at 
right angles to the centre line or axis. 

Calculate the area of the end of the branch, and that of the nozzle, and 
determine the area at each of the five intermediate points in such manner 
that they may diminish gradually in proportion to their distance from 
the end of the branch, the area at the sixth line being equal to that of 
the required opening at the outlet end of the nozzle. 

The seventh cross-line should be of the same length as the diameter 
of the nozzle. 

Calculate the. diameter for each area, and lay it off on the correspond- 
ing cross-line, half being on each side of the longitudinal central line or 
axis of the pipe. 

Connect the ends of these cross-lines by a curved line commencing 
at the first and terminating at the fifth. This will reduce the area 
gradually to very nearly the required size; but if the reduction were con- 
tinued, tiiere would be a sharp angle at the point where the curved and 
paralld lines meet, and consequently a disturbance of the water close to 
the point of exit. 

The junction of these two lines with an easy curve is effected in the 
following manner : — 

Extend the seventh cross-line indefinitely on both sides of the axial 
line. From any point on this line as a centre, and with the distance 
between that point and the point at which the line crosses the nearer 
parallel line as a radius, an arc of a circle may be described, to which 
the parallel line will be in the direction of a tangent. 

Through the points at which the fourth and fifth cross-lines are 
intersected by the curve, draw right lines indefinitely, intersecting the 
parallel lines which represent the bore, and, to ensure their accuracy, 
observe that they intersect the axial line at the same point 

Bisect the angle formed at each side by the intersection of these 
lines, and produce this bisecting line until it cuts the seventh cross-line, 
or its production. 

From this point as a centre, and with the distance between it and the 
point at which it crosses the nearer parallel line as a radius, describe an 
arc of a circle. This will be the required curve, to which the final 
direction of the reduction curve, and Uie whole of th^ cylindrical part, 
will both be tangential. 

The length of the cylindrical portion of the pipe should be once and 
a half the diameter of the opening. 

This form of nozzle is founded on the principles, that water should, 
previously to its delivery, be subjected to the least possible jerk or dis- 
turbance, and that it should before its final exit pass through a sufficient 
length of pipe to bring it into the exact shape and condition in which it 
is to be delivered. 

The avoidance of unnecessary disturbance is effected by a gradual 
diminution of area to a certain point, which is connected to the cylin- 
drical part at the end by an easy curve formed chiefly on a portion of 
the circumference of a circle, to which the final direction of the reduction- 
pipe and the whole direction of the cylindrical part are tangents ; and 
the bringing of the water into shape previously to its delivery is effected 
by having tihe end of the nozzle cylindrical 
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The length of the reduction-piece, including the curv^ in one direc- 
tion for diminishing the area, and in the other direction for forming a 
junction, and the length of the cylindrical part, have heen detemiined 
by experiment as those best adapted to produce with the smallest loss 
of power the desired result, namely, a jet or stream of water which can 
be projected through the air in Uie lai^^est possible quantities to any 
given distance within its range. 

The following illustration shows the mode of forming the several 
nozzles on the principles here liud down, and the description gives a 
detailed explanation of one, and by changing the dimensions is equally 
applicable to all the others. 

Mode or Forming a ^inch Nozzle. 

i Scale. 




The figure A B C D, shows the end of an ordinary branch, consisting 
of a tapered pipe, 15 inches long, 2 J inches in diameter at one end, and 
1^ inches at the other. 

The latter is represented by the line £ D. 
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Through the centre of the figure draw the line E F, which will be at 
right angles to the diameter B D, and prolong it to a distant point G. 

On the diameter B D, at each side of the line F G, lay off points H 
and I distant fi:om the point F J of an inch, or half the diameter of the 
required nozzle, and opposite G, on a line at right angles to F G, lay off 
points K and L at the same distance, J of an inch. 

Connect these points by a pair of parallel lines H K and I L, which 
will represent the direction and magnitude of the water-way. 

Along each of these lines, commencing from the line B D, lay off 7 
points at distances of J an inch, or hdf the difference between the 
diameter of the end of the branch and that of the nozzle, and across 
each of these pairs of points, and consequently at right angles to the 
centre or axis, draw lines which may be called ist, 2nd, 3rd, 4th, 5th, 
6th, and 7th cross-lines. 

The area of the end of the branch in square inches is 1767, and that 
at the end of the nozzle '196, and a gradual reduction will show at five 
intermediate and equi-distant points 3ie following areas, namely, 1*505, 

1-244, '982, 720, -458. 

From these areas the proper diameters in inches are calculated in the 
ordinary way, and found to be as follows, namely — 



Area. 
1767 
1-505 

I 24+ 

•982 

720 
•458 
•196 



Diameter. 
1*500 

1-385 
I •255 
1*117 

•957 
764 

•500 



Lay off on each cross-line, except the sixth, the proper diameter 
M M, N N, O O, P P, Q Q, half on each side of the central side, and 
connect the ends of these lines by a curve. This will reduce the area 
gradually to this point. Lay off on the seventh line, the diameter of 
file nozzle S S, J an inch. 

Extend the seventh line indefinitely at both its ends. 

Through the points P and Q draw right lines intersecting the parallel 
lines at T, and, to ensure their accuracy, observe that they cut the axial 
line at the same point. 

Bisect the angle Q T S, and prolong the bisecting line until it cuts the 
extended part of the seventh cross-line at U. 

From this point U, as a centre, and with the distance U S, as a radius, 
describe an arc of a circle V W, which will form the required curve to 
join the right lines at either end, thus connecting the gradually diminish- 
ing pipe to tiie cylindrical part by an arc of a circle, to which the final 
direction of the former and the whole direction of the latter are both 

tangents. 

On each of the lines H K and I L, lay off from the point S a portion 
S X, f of an inch in length, or once and a half the diameter of the 
nozzle, and draw the line X X which represents the orifice. 

This completes the figure B D X X, which should be 7X J+f=4i 
inches long. 
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4J(L. 




i&i 




Length Crxi)+|= 


=4i inches. 


Length (7«A)+H- 


.4inch=. 


Dbmcta- 




Ana. 


DUmeur. 








Soo 




1767 


1500 




.-1767 




Si 




I -SOS 


1-393 




i;5|4 






I ■244 


1-276 








117 




■9S1 


I 149 




1-037 




957 




■720 


1-017 




■794 




764 




■458 


•837 




-550 


■Soo 




-196 


■6.H 




■307 




Length (7 X A) + iH- 3 in<*es. 
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IB. 
Length (? x j) + 1I-3J inches. 






Length {7x« + li-2| inches. 


I>lui>a». 






1767 


1-457 


\'4i 




1-381 


1497 



Length (7x1!,) +3^-21 inches. 
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The areas of circles are in the relative proportions, not of their respec- 
tive diameters, but of the squares of those diameters. Thus, if one circle 
have a diameter of 2 inches, and another of 3 inches, the former, instead 
of having 2-3rds of the area, has only 4-9ths, or less than half. Again, if 
one circle have a diameter of 3 inches, and another of 6 inches, the former 
has a relative proportion to the latter, not of 3 to 6, or one-half, but of 9 
to 36, or one-fourth. 

A table is added, showing the proportions of the several nozzles relatively 
to each other. This is, for simplicity, calculated only to quarters, that 
being sufficiently exact for almost all practical purposes ; but it contains 
also the actual proportions of the areas of the end of the hose, the end of 
the branch, and each of the nozzles respectively; and from these the relative 
proportions may be calculated to any greater degree of accuracy required. 

Approximate relative Proportions of Areas of Nozzles. 



No. 


Diameter. 
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xi 
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x| 




^inch. 
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3 
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ij 
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I 9» 
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if >} 




4 

h 

7i 


2i 

3J 

4 

5 


2f 

3J 


If 

2 

24 


I 

li 

2 


... 

I 
li 


I 


X 



Exact Proportions of Areas. 



f ... 



... 16 


g... 


• • • 


... 49 


I 


... 25 


I ... 


• • • 


... 64 


I 


... 36 


Ij... 


• • • 


... 81 





100 

121 



li... 
2i... 



144 
400 



Areas of circles of the diameters mentioned in the first column stand to 
each other in the relative proportion of the numbers in the second colimm. 

The nozzles are of gun-metal, of the same mixture as that used for the 
bosses. They consist at the larger end of a circular piece, with a screw 
inside and a hexagon above to take a spanner ; the remaining part is a 
mere pipe of sufficient thickness to ensure the required strength, and 
of the requisite form for delivering a jet of water to the best advance. 

The extremity for a distance of one and a half times the orifice is 
cylindrical, and at the outer end there is a bevilled part or lip cut away 
in a hollow, leaving a sufficient projection to protect the edge of the 
orifice. At this point it is also strengthened by a bead, which extends 
externally J of an inch round the end. 

The distance to which water can be projected through the air depends 
very materially on the formation of the whole nozzle, but more especially 
on that of its termination. If the cylindrical part be in any way made 
rough, or if it be in the smallest degree damaged, even by a mere 
scratch so small as to be almost invisible, the issuing stream becomes 
injuriously affected, and scatters and falls much sooner than it otherwise 
would. If, again, the edge or angle of that part where the cylindrical 
portion ends be not left sharp and well defined, the same result takes 
place to a still greater extent. For these reasons the lip is cut with the 
most perfect accuracy in the first instance, and protected in the manner 
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before mentioned, but the greatest care and attention are necessary to 
keep it in proper condition. The branches and nozzles should always 
be kept perfectly clean and free from grit or dirt, and in cleaning them 
great care must be taken not to damage the threads of the screws or any 
part of the water-way. The whole of the outside, with the exception of 
the male screw on the smaller boss, should be highly polished with 
brick dust or rotten stone ; the threads and water-ways of the branch 
may be rubbed bright with a brush dipped in oil, and wiped off after- 
wards with cotton waste or some other soft material ; but the threads 
only of the nozzle should be treated in this way, and the water-way, 
if possible, left untouched. A nozzle should never, under any circum- 
stances, be touched on the inside with a metal tool, sand-paper, or any 
other hard substance, for the purpose of cleaning it. If it become dirty 
inside, which is very rarely the case, it can be sufficiently cleaned by 
a small piece of soft leather or cotton waste dipped in oil ; but even 
this it is desirable, as far as possible, to avoid, as the rubbing off of the 
oil with a dry cloth has a tendency to scratch the inner surface, and the 
oil, if not carefully rubbed off, will adhere to the metal, and will not be 
removed by the water, but will continue to roughen the sides and 
injuriously affect the jet for any length of time. In almost all ordinary 
cases it is quite sufficient to rub the inside round with a man's finger. 

So delicate is this part of the pipe, that in common practice it is found 
almost impossible to repair it after it has been once injured. When it is 
put out of shape by a fall, or scratched or otherwise damaged, however 
slightly, it is usually found cheaper and more satisfactory in the end to 
melt the metal, make a fresh casting, and turn out the whole nozzle again 
as new. Even in case of the angle of the lip becoming worn or rounded 
away, it is often necessary to condemn the whole nozzle, as after a few 
months of the rough usage unavoidable in our business it is almost impos- 
sible to place it in a lathe with sufficient accuracy to cut a fresh lip which 
will be quite true to all the other parts. Should there be any reason to 
suppose that one of the screws has received an injury, however slight, 
which may cause delay or difficulty in making a joint, the branch or nozzle 
to which it belongs must be laid aside, and on no account brought out to a 
fire again until the part affected has been carefully tested with the steel gauge 
kept for the purpose, and, if necessary, adjusted to the proper standard. 

Particular care must be taken to see that the leather washers on the branch 
are clean and free from grit, and, when this has been ascertained, they 
should be well rubbed with pure oil, to keep them soft and in good order. 

If these rules be strictly observed, the difficulty of making perfectly 
tight joints will be much reduced. 

The diameter of each nozzle is legibly marked in large plain figures 
along the outside of the reduction part of the pipe, and the number of 
the engine to which it belongs is stamped in small figiures across one of 
the sides of the hexagonal part. 

The weight of a branch is 5 lbs. 6 oz., and the average weight ot a 
nozzle about i lb. 6oz., making a total of about 6 lbs. 12 oz., or in 
round numbers, a little less than 7 lbs. for a directing-pipe complete, 
consisting of a branch and nozzle together. 

With 2j-inch hose both branches and nozzles are used; but with 
x^inch boise nozzles only. 
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Large Axe. 



A large axe is somewhat of the kind commonly known as a felling 

hatchet, and consists of two parts, called respectively the 
head and the handle. 

The head is of wrought iron, lo inches long, and 
formed somewhat in the shape of a large wedge. It has 
at one end a knife or cutting edge, steeled and tem- 
pered, and at the other end a solid rectangular block, 
2 1 by I J inches. The cutting edge extends 4 J inches, 
and is slightly curved and inclined towards the handle 
for the purpose of allowing the axe to clear itself quickly 
when in use. At a distance of f of an inch from its 
rectangular end there is a longitudinal hole or socket; 
this is also wedge-shaped, and is made to receive the 
handle. 

The handle is of well-seasoned ash, 3 feet long, and 

of varying substance, being shouldered and thickened at 

the part which enters the head, and gradually tapered 

down in somewhat of an oval form nearly to the other 

end, where it is again slightly shouldered to prevent it 

slipping out of a man's hands. 

The upper end of the handle is driven into the socket, and firmly 

secured in its place by a wedge let in from the top, which prevents the 

head flying off when in use. 

The weight of a large axe is : — Head 6 lbs., handle i lb. 8 oz. ; total, 
7 lbs. 8 oz. 

Branch Tally. 

A branch tally is the badge fastened on to a branch for the purpose 
of showing what engine the water is coming from, and what delivery of 
that engine, and it is marked accordingly — ^as 25 N. for No. 25 engine, 
near-side delivery ; 38 O. for No. 38 engine, off-side delivery ; or for the 
floating engines, A. F. 2, B. F< 6, meaning the A. float. No. 2 delivery, 
the B. float No. 6 delivery, and so on. 

A branch tally is made of No. i flax canvass, 9 inches in length and 3 
inches wide, tapered off at each end, and near the point fitted with a 
brass eyelet hole, to receive a small hemp cord for fastening it round the 
branch or hose. 

Every engine carries one branch tally for each of its deliveries, with 
the necessary marking painted on it in black letters i J inches deep. 

The weight of a branch tally, with cord complete, is i ounce. 
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.Branch and Nozzle. 

These are described in full detail in the pre- 
ceding section, and are entered here only for 
the purpose of making the lists of gear agree. 

Breechings. 

Breechings, or junction-pieces, are of two kinds, the one kind for 
dividing one stream into two or more, and the other for concentrating 
two or more streams into one. They are alike in consisting of the 
necessary number of arms leading from, or to, a point of junction with 
the main line of the stream to be affected ; but as they are essentially 
different in many other points, and particularly in the uses to which they 
are applied, they are separately described under the respective heads of 
I into 2 and 2 into i, those being the principal ones which we have in 
common use. 

Delivery Breeching. — i into 2, 2J and 2 J. 

A breeching of this kind is cast in gun metal, and consists of a pipe 
about 5 inches long, branching off at angles of about 60° into two otiiers 
about 3 inches long. At the end of the main-pipe it is 
mounted with a female swivel screw, and at the ends of the 
two other parts with male screws, all of the ordinary pattern. 
The male screws are protected with metal or leather caps 
when not in use. 

It may be attached either to an engine, a stand-pipe, or a length of hose, 
and is sometimes very useful in economizing both the time of getting 
to work and the quantity of hose necessary to reach two separate places. 

The weight of a delivery breeching, i into 2, 2 J and 2 J, is 8 lbs. i oz. 

Delivery Breeching — i into 2, 2J and ij. 

A breeching of this kind is also cast in gun metal, and consists of a 
pipe about 3 J inches long, branching off at angles of 
about 60° into two i^inch pipes, about 2 J inches long. 
At the end of the main pipe it is mounted with a 2j-inch 
female swivel screw of the V thread pattern, and at the 
end of each of the two other parts with a ij-inch male 
screw of the round thread pattern ; gun-metal caps are 
attached by pieces of wrought-iron chain, to protect the male screws 
when not in use. 

One of these breechings may be attached either to an engine, a stand*- 
pipe, or a length of hose. 

A delivery breeching, i into 2, 2 J and i J, weighs 7 lbs. 9 oz. 

Delivery Breeching — 2 into i, 2J and 2J. 

A breeching of this kind is also cast in gun metal, and consists of two 
pipes about 3 inches long, each with a female swivel 
screw joining at angles of about 45 degrees ; and a third 
pipe of about the same length, mounted with a male screw, 
which, when not in use, is protected by a cap. 

It can be attached to two lines of hose, so as to lead 
the water from both into one stream. 

A deKvery breeching, 2 into i, 2 J and 2 J, weighs 10 lbs. i oz. 
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Suction Breechings — i into 2, 3 J and 2 J. 

A breeching or junction-piece of the above kind is cast in gun metal, 

and has a female screw, with a recess for a leather 
washer, corresponding with and to be attached to the 
inlet of an engine ; also two male inlets, for attaching 
two or more manual-size suction-pipes to a steam fire- 
engine at one time. A gun-metal cap is attached by 
a piece of wrought-iron chain to each of the male 
screws, to be used when only one of the two inlets is 
required, and also to protect the male screws when not in use. 

This breeching is used for lengthening the suction-pipe of an engine, 
where the distance of the water is more than usual, by enabling manual 
suction-pipes to be attached either to the end of the large suctions, or 
directly to the inlet of the pumps. 

The female screw of this kind of breeching has an internal water-way 
of 3I inches in diameter, to fit the suction inlet of the engine to which 
it is attached, and the male screws are of the ordinary 2 J-inch pattern, 
with round threads to fit the manual suction-pipes. 
A suction breeching of this kind weighs 17 lbs. 13 oz. 

Canvass Bucket. 

Canvass buckets are adopted on account of their lightness and porta- 
bility, and because a great number can be 
stowed in a very small compass. 

A canvass bucket of the pattern in use 
is 8| inches in diameter, and 12 inches 
deep. It is made of the best hemp, duck, 
or canvass, and at the top and bottom is 
spread by cane hoops let in, and covered over by the canvass, and 
strongly sewn round to keep them in their places. The handle is 
formed by a double strip of duck, 12 inches long and ij inches wide, 
sewn on to the inner part of the upper hoop at opposite sides, and 
stiffened in the centre by a piece of wood, 6 inches long, i inch wide, 
and J inch thick. The strip is stitched at the ends, and nailed in that 
part which covers the wood, and being loose at the ends and stiff in the 
centre, can be firmly grasped without either causing the hoops to collapse 
or the hand to dip in the water, as would be the case if there were no 
wood, or if the wood extended all the way across. 

Underneath, on the outside, there are sewn at right angles two cross- 
lines, which serve to stay the bottom, and also to hang the bucket by. 

When not in use, it is slightly twisted, and doubled down until the 
bottom and top hoops meet, in which position it occupies a circular 
space of 9 inches in diameter and about i inch in depth ; thus it will be 
seen that a dozen made up in this way occupy only about the same 
space as one wooden bucket 

It weighs, when empty, 13 ounces, or about f of a lb., and has an 
internal capacity of 680 cubic inches, or nearly 2^ gallons — so that when 
full of water it weighs about 25 lbs. 

Each engine carries six of these buckets, fastened together with a 
leather strap and buckle, called the bucket strap. 

Weight as above, 13 oz. 
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Chafing Leather. 

A chafing leather Is made of a strip of leather about i8 inches long 
and 8 inches wide, with a straps and buckles rivetted to it, for the pur- 
pose of fastening it round a suction-pipe or hose to prevent chafing. 

A cha£ng leather weighs i lb. 7 oz. 

Cou) Chisel. 

A cold chisel is made of bar steel, octagon shaped, and about i inch I 
in diameter for a distance of 4 inches at one end ; it is drawn out to a I 
flat taper, and terminates in a chisel point of Aths of an inch thick, but I 
bevelled down for ^th of an inch to a fine edge at the extreme point. I 

A cold chisel weighs i lb. i oz. 

Dam. 

A portable cistern or dam is composed of the following parts, namely : 

Two rectangular frames g^^a^^a^^^,^^^^^^^^ 
of 5-8ths inch galvanized V^ TT "T 

iron gas-tubing, 32 inches ^ " — iU 

long and 13 inches wide. 

Four arms or uprights. 

A canvass covering. 

The frames are precisely 
the same size, and are fixed 
by means of the uprights, 
one on top of the other. 

The arms or uprights are 
made of best gun metal, i>»" f™ 

J an inch thick, 17 inches long, and hinged in the middle. They have 
at each end a socket or eye, which is passed over the sides of each of the 
frames at a dis- 
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the engine when not in use. Each dam is fitted with a pair of straps 
and buckles to fasten it when stowed. 

The bottom is of No. i canvass, tmned over and sewn to the lower 
rectangular frame, with two pieces of leather rivetted on to its upper side, 
to prevent the canvass being worn through from the chafing of the 
strainer. 

In the bottom is a hole made to go over the plug-hole, and this is 
encircled on both sides with wash-leather, leaving an opening of not less 
than 2^ inches. The wash-leather is used to prevent the water fi*om 
getting away from between the plug-box and the cistern, leather being 
found the most suitable for this purpose, in consequence of its tendency 
to adhere when wet. 

The sides are also made of No. i canvass, which is in one piece, with 
a seam i J inches wide, one edge being stitched on the top rectangular 
frame, and bound with cow-hide dressed in oil at the two ends, with a 
slight return to the sides to protect the canvass firom the chafe of the 
suction-pipe. 

The lower edge is sewn on to the outer edge of the bottom already 
described, the stitching being protected by a covering of cow-hide 
dressed in oil, one edge being attached to the bottom and the other to 
the side by means of a strong waxed thread. 

There is also a piece of No. i canvass sewn on one side, and secured 
on the other by three leather straps and buckles. This is called the top 
flap or bonnet, and its use is to prevent the water overflowing, in conse- 
quence of its force or pressure, when the head of water exceeds the height 
of the dam or cistern. This flap may be attached either to the top or 
about half way down, in which latter case it serves to keep the suction- 
pipe steady when the engine is at work. 

This description of dam, or portable cistern, refers to those carried in 
the manual engines ; but there are larger ones used for steamers, which 
are precisely the same, in every respect, so far as material and work- 
manship are concerned, and differ only in dimensions. 

An ordinary dam of the dimensions here given weighs 27 lbs. 20Z. 
Other dams in use weigh 29 lbs. and 42 lbs. respectively. 

Crowbar. 

A crowbar is a bar of wrought iron 2 feet 1 1 inches long and somewhat 

— „__ ..^^ about I inch in diameter, chisel- 

"™™" M^-"^"* shaped at one end and pick- 

pointed at the other. Both ends are steeled and tempered. 

A crowbar weighs 10 lbs. 5 oz. 

Double Connecting Screws. 

A double connecting screw is cast in gun metal, and is a contrivance 
for connecting the 2|-inch round threads to the 2^inch V thread screws; 
namely, a male of 2|-inch round thread and female of 2|-inch V thread 
on one part, and a male of 2|-inch V thread and female of 2^inch 
round thread on the other part. 

A pair of double connecting screws weighs 2 lbs. 10 oz. 
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Double Reduction Screws. 

A double reduction screw is a contrivance for connecting large and 
small hose together ; it is in two parts, and has four screws, namely, a 
male of the i|^inch round thread pattern, and a female of ihe 2|-inch 
V thread pattern on one part, and a male of the 2|-inch pattern and a 
female of ihe i^inch pattern on the other. 

When it is necessary to add i|-inch to 2|-inch hose, the 2|-inch 
female screw is first attached, and the i^inch male screw takes the 
smaller hose ; and when it is necessary to add large to small hose, the 
i^-inch female screw is first attached, which leaves the 2|-inch male 
screw for the larger hose. 

The weight of a pair of double reduction screws is — ^large into small 
3 lbs. 2 oz., small into large 2 lbs. 10 oz. ; total, 5 lbs. 12 oz. 

Delivery Elbow — 2J and 2^. 

A delivery elbow is merely a bent copper pipe about 19 inches 
long, with a female screw on the bottom end to fix on to hydrants, and 
a male screw on the upper or bent end, to which the hose can be 
attached. 

This elbow weighs 7 lbs. 5 oz. 

Delivery Elbow — 2J and ij. 

This elbow is almost precisely the same as the 2^ previously described, 
with the exception of the copper tube, which is tapered from 2| to i^ 
inches, and has a male screw of i J inch round thread pattern on the 
upper or bent end. 

This elbow weighs 4 lbs. 

Delivery Elbow — 2I and ij. 

This kind of elbow is made of cast gun metal, about 9 inches long, 
tapered from 2 J female V thread to i| male round thread; it is used 
only for screwing on some water posts, which unfortunately happen to 
have a 2^ inch outlet 

This elbow weighs 3 lbs. 11 oz. 

There is another kind of elbow, which, though very rarely used, deserves 
some notice ; it is known as a 

Nozzle Elbow. 

A nozzle elbow is a bent piece of i^inch pipe 5 inches long. 
It is cast in gun metal, with a female screw at one end for 
attaching it to the branch-pipe, and a male screw with a leather 
washer at the other end to take the nozzle. 

This is used in getting at a fire in the basement of a house, or a 
ship's hold, when, owing to the density of the smoke or other sufficient 
cause, it is not possible for the firemen to get down to it. The stream 
takes a horizontal direction, and enables the fireman to subject a much 
larger area to its effects. 

The general rule is, that a fireman should never pour water on any 
spot which he cannot actually see, so as to be able to judge of the effect 
of his work; but there are cases in which it is found necessary to depart 
in some measure fi:om this rule. These cases, however, are very rare^ 
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and the nozzle elbow is an implement which should never be used 
except in cases of absolute necessity, and under the orders of an officer 
of experience and discretion. 

A nozzle elbow weighs i lb. 2 oz. 

Files. 

These are ordinary files, 12 inches long, and are of two kinds, known 
respectively as half-round and three-cornered bastard files. 
Either kind weighs a little less than i lb. 

Spare Gauge Glass. 

A gauge glass is a glass tube fths of an inch internal diameter, J inch 
external diameter, and 12 inches in length. 

When in use it is packed, with vulcanized india-rubber rings, into the 
glands of the cock previously fitted to the boiler with vulcanized india- 
rubber rings, and it shows the quantity of water in the boiler. 

These glasses or tubes are very finely annealed or tempered to stand 
great heat; but they are likely to break from a sudden chill from cold water 
coming in contact with them, or from sudden heating, and consequently 
it is found necessary to carry spare ones. 

The weight of a gauge glass is 3 oz. 

Iron Hammer. 

An iron hammer consists of two parts, called respectively 
the head and the handle. 

The head is of wrought iron, at one end round, with a diameter of ij 
inches, and at the other brought down to a flat taper i J inches wide. 
Both ends are faced with steel, and there is a hole cut through the centre 
to take the handle. 

The handle is of ash, 14 inches long, about i^inch wide, and 7-8ths 
of an inch thick, with the comers rounded off. It is passed through the 
hole in the head, and secured by means of a wooden wedge driven in 
from the top, to prevent the head flpng off when in use. 

An iron hammer weighs — ^head i lb. 6oz., handle 6 oz. ; total, i lb. 12 oz. 

Tin Hammer. 

A tin hammer is composed of two parts, called respectively the head 
and the handle. 

The head is of mallet shape, 3J inches long, and for the most part 
^^ i^ inch in diameter, but slightly enlarged at the centre, where it 
^p has a hole bored through to take the handle. It is cast in tin, 

11 which, being a soft metal, takes all the dents caused by the blows, 

I and does not leave any marks on the bright steel or gun-metal 

I work. 

' The handle is of ash, 13 inches long, ij-inch wide, and 7-8ths 
of an inch thick, with the comers rounded off; it is attached to the 
head by being passed through the hole already mentioned, and is further 
secured by means of a wooden wedge driven in from the top, which 
prevents the head flying off when in use. 

A tin hammer weighs — ^head 2 lbs. i oz., handle 4 oz.; total, 2 lbs. 5 oz. 
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Hand-Loop. 

A hand-loop, or shifting becket, is made of leather similar to that 
used for hose, and is composed of three parts, as 
follows : — ^A strap, 16 inches long and i J inches 
wide, with a tinned buckle and roller complete, 
secured to it with one rivet. One loop is ij 
inches from the buckle, and the other 5^ inches. 

This is used as an additional hand-hold for a man with a branch, 
from which a powerful jet of water is being projected, and should be 
secured by means of the strap immediately under the lugs of a male 
screw, the lugs acting as a stop, and so forming an additional security 
from the fact of the hose always having a tendency to go backward, and 
consequently requiring a forward pressure to counteract it. 

The weight of a hand-loop is as follows : — buckle i oz., rivets i oz., 
leather 5 oz. ; total, 7 oz. 

Hand-Pump, Complete. 

A hand-pump of the pattern now in use is a single-acting force-pump 
of the simplest possible description, fed by gravitation, and encircled 
by an outer case which serves the double pur- 
pose of protecting the pump cylinder and of 
forming an air chamber. 

It is constructed in the following manner : — 

There are two pieces of brass tubing, the out- 
side one 2 J inches in diameter, and the inner 
one I J inches in diameter, with a semi-circular 
piece 2 inches long soldered on to the bottom, 
and fitted with an angular piece of sheet copper, which acts as a stop to 
the delivery-valve. The inner tube forms the pump cylinder, and is 
attached to the outer one on the top by a cast gun-metal cap, which has 
a female thread to receive another cap to secure the piston-rod, and 
form a guide for the same, and at the bottom by another casting in 
gun metal, on which is the seating for the delivery-valve, and a semi- 
circular opening to receive the cylinder, and also a female screw. The 
whole of these parts are thoroughly sweated together with soft solder. 

To this is connected a gun-metal suction valve-box, which has a plate 
fitted into the bottom. This valve-box has 26 holes or inlets round it, 
each i-i6th of an inch in diameter, and about i-8th of an inch from the 
bottom, so that the pump can be worked with a very small depth of 
water. The exit-pipe is 3 inches from the bottom, and has cut on its 
extremity a male screw with kn internal diameter of 5-8ths of an inch. 

There are two valves, both of metal, and of the kind commonly 
known as conical spindle-valves. 

The suction-valve is i J inches in diameter, with a lift of 3-8ths of an 
inch, and the delivery-valve is y-Sths of an inch in diameter, with a lift 
of i-4th of an inch. 

The outer tube or case, which is of brass of No. 17 gauge, has, as 
already mentioned, two purposes, the first to form an air vessel, and 
thereby produce a continuous stream of water ; the second to protect 
the inner tube, so that with an ordinary blow, making a dent of 3-8ths 
or even half an inch, the cylinder or actual pump remains uninjured. 
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The piston consists of two parts made of gun metal, i inch in diameter, 
3-i6ths of an inch deep at the edge, and a little thicker at the centre 
round the piston-rod hole, which is 3-8ths of an inch in diameter. The 
parts are secured to the rod by two nuts, and the rod is shghtly burred 
to prevent the bottom nut from coming off. The piston is mounted on 
the outside with a leather covering to make it fill the cylinder, touching 
at every part round the edge, but not fitting so tightly as to cause heavy 
friction when in motion. 

The leather covering is made in two cups, formed in the same manner 
as those adopted for the ordinary manual fire-engine. 

There are some small holes in the upper cap or stuffing-box to allow 
an escape for any water that may happen to get above the piston. 

The piston-rod is of wrought iron, 3-8ths of an inch in diameter; its 
extreme length is 12J inches, and it has welded on to it at one end a 
semi-circular piece of iron i-8th of an inch thick and s-8ths of an inch 
wide, and a turned wood cross-bar, with an iron pin running through it, 
rivetted to the semi-circular piece of iron, and so forming a handle. 

The weights of the parts are as follows, namely : — air vessel, outside 
easily of, I lb. 9 oz., cylinder 13^ oz., top-cap and stuffing-box 5 oz., 
gun-metaj casting, with the seating for delivery-valve attached, &c. 44 oz., 
suction valve-box 9 J oz., bottom of valve-box 1 J oz., delivery-valve i oz., 
suction-valve i J oz., piston-rod and handle 14 oz., piston with nuts and 
caps complete 2J oz. ; total, 4 lbs. 14 oz., or, in round numbers 4f lbs. 

The length of stroke of piston is ro^ inches, and consequently the quan- 
tity of water received into one ol these pumps during the upward movement 
of the piston, or dischaiged from it on the downward movement, is that 
which can be contained in lof inches long of a ij-inch cylinder. 

The area of a i^inch circle is i '27 7 superficial square inches, which, mul- 
tiplied by the length of stroke, loj inches, gives a capacity of 13 '19 cubic 
inches, or "0476 gallons — in round numbers, the i-i2th part of a gallon. 

The quantities of water delivered by this pump will be found in the 
following Uble — 1 stroke -0476 gallon : — 
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This pump can be worked for a considerable time by one man at loo 
strokes per minute, and the above table shows that in that time 476 
gallons of water would be delivered, or in the space of ten minutes at the 
same rate of working 47-6 gallons. 

These pumps can be made to project water through a 3-i6ths of an 
inch orifice to a height of about 30 feet, and they are found invaluable 
at small fires, from the fact of their performing a large amount of work 
with great economy of water; indeed, rooms well on fire are continually 
extinguished by the aid of these pumps, supplied from taps, basins, or 
buckets, and hardly any water can be perceived in the rooms imme- 
diately underneath. 

To each of these pumps there are attached two lo-feet lengths of 
rivetted hose, made of leather, cut from English butts, 
dressed and made up in the same manner as described in j^^^lL 
the instructions concerning leather hose. ft^^^^^r 

Each length of hose is composed of three strips of ^^^^ " 
leather, and has 284 No. 12-gauge rivets in the longitudinal 
seam, and 7 of the same size in each of the two joints. It has also a 
strap 24 inches long, and J an inch wide, which has a half-inch tinned 
wrought-iron buckle secured to it by one rivet, and it is mounted on the 
hose with a collar 4 J inches long, made from the same kind of leather, 
and fastened to the strap by one rivet. Each length is fitted with a 
male and female coupling-screw, tied in with copper wire. The water- 
way in the screws is 7-8ths of an inch in diameter, and in the hose 
about I inch. The lengths of hand-pump hose, with couplings and 
straps complete, weigh 3 lbs. each. 
A hand-pump nozzle is cast in gun metal, and afterwards bored out 
from 7-8ths of an inch at one end to an orifice of 3-i6ths 
' of an inch at the other, and it has cut inside its larger end 
a female screw with a shoulder, formed to receive a leather 
washer. This nozzle weighs 3 ounces. 

What is known as a hand-pump, complete, consists of a 
hand-pump, two lengths of hose, with straps, &c, a nozzle, and 



e several articles 
rried. The weight of 
a hand-pump, com- 
plete, is therefore — 
hand-pump 4 lb. 14 oz., two 
lengths of hose 6 lbs., nozzle 3 oz., 
canvass bag 15 oz.; total, 12 lbs. 

Hose — zj inch. 

These are fully described else- 
where, but are entered here to 
complete the list. 

The weight of a forty-feet length 
of zj-inch leather hose is 48 lbs. 

Hose — 1\ 
Described elsewhere. 
The we^t ot a forty-feet length of ij-inch leather hose is 26 lbs. 
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Hose-Wrench — 2 J inches. 

A 2|-inch hose-wrench is made of wrought iron, and has a hole at 
one end | of an inch in diameter, to take the gun-metal lug of 
the hose-screw. 

It is formed into a half circle, 3 J inches in diameter, to fit the 
round of the screws, and is continued with a rounded handle 10 
inches in length, making a total length of 13 J inches. 

This is used for tightening up the screws, and making a sound 
joint with the ordinary 2^-inch couplings. 
A 2^-inch hose-wrench weighs i lb. 13 oz. 

Hose-Wrench — 1| inch. 

A I J-inch hose-wrench is made of wrought iron, and has a hole at 
one end 5-8ths of an inch in diameter, to take the gun-metal lug of a 
i^inch hose-screw. 

It is formed into a half circle 2 J inches in diameter, to fit the outside 
round of the screws, and is continued with a handle 7 inches in length, 
making a total length of 9^ inches. 

This is used for tightening up screws, and making sound joints witli 
the i^-inch couplings. 

A i^inch hose-wrench weighs 14 oz. 

Hydrants. 

These are special appliances, suitable at present only to certain 
localities, and they need not be separately described here. 

They are each about 3 feet 2 inches long, and generally weigh about 
26 lbs. 3 oz. 

Ladders. 

Described elsewhere. 

A length of ladder weighs 20 lbs. 

Carriage or Side Lamps. 

These lamps are 7 inches high, 5 inches wide, and 4 inches deep. 

They are of strong sheet copper. No. 20 gauge, 
folded and lapped at the joints, and not fastened 
with solder or other material likely to be aifected by 
heat. A little solder is used in one or two parts, 
but only for a finish ; the strength of the lamp does 
not depend on it. They have imdemeath angular 
pieces of brass, :i of an inch deep, to keep the bottom from touching 
when the lamp is on the ground ; and in the bottom there are holes for 
the admission of air. They have also, on the top, two semi-circular 
pieces of copper-plate, at right angles, and one above the other, with a 
space between to allow the hot air to escape. 
The handle is of ^th-of-an-inch brass wire. 

The door is hung on brass hinges, and has a circular piece of 
bevelled plate glass 4 inches in diameter in the centre, forming a sort of 
bull's eye, inside which is fitted a silver electro-plated reflector of No. 22 
gauge sheet copper, bevelled outwards. One side has a piece of 
bevelled plate glass 4J inches by 2 J inches, and the other has a tinned 
wrought-iron plate 2 inches wide and Jth thick, screwed with 3 copper 
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rivets, which is used for affixing the lamp to the socket on the side of 
the engine. 

The cistern or reservoir for the oil is made of block tin, and has an 
opening formed on the top in brass, with a female screw, and also a 
shoulder to receive a burner for a flat wick f of an inch in width, which 
is secured by a brass ring with a male screw. There is also a small air 
shaft in the side of the cistern, with a tapered brass tube screwed to it, 
which can be taken off when fresh oil is required in the cistern. 

The cistern slides in from the front, underneath the flaps, which 
prevent it rising when in its place, so that the closing of the door fixes 
it firmly. The back reflector is also of No. 22 gauge copper and silver 
electro-plated. 

The whole of the inside is tinned, to assist the radiation. 

The initial letters of the Brigade are cast on an oval plate, which is 
rivetted on the front over the door ; and the station to which the lamp 
belongs is indicated by brass numbers rivetted on the doors above the 
circular glass. 

Each engine carries two side-lamps. 

A carriage lamp weighs 4 lb. 14 oz. without oil, or 5 lbs. 4 oz. with oil. 

Gauge-Lamps. 

The main portion or body of a gauge-lamp, such as that shown 
in the drawing, is made of tin tube, 3^^ inches in diameter and 
3 inches in length, with a piece of tin slightly hollowed out and 
soldered on at one end, and a door, having a circular piece of 
bevelled plate glass 3^ inches in diameter, at the other. 

To the top of this is fitted and soldered a conical piece of 
tin, with a cap, which has sufficient opening to it to allow the 
hot air to escape, the cold air being admitted at the bottom by 
some holes underneath the cistern. 

To the cap or ventilator is soldered a semi-circular piece of brass wire, 
about 3-i6ths of an inch thick, which forms a handle ; and to the bottom 
is fitted and soldered a brass socket, which receives a piece of brass tube 
3^ inches long and f of an inch in diameter. This tube is made to fit 
into the socket fixed on a steamer for that purpose. 

Inside, and at the back part, is fitted a plated reflector, and a cistern, 
made of tin, and of a semi-circular form, 3 inches in diameter, is also 
fitted, and it has a brass ring soldered on to the centre, with a female 
screw, and a shoulder to receive the burner, which is made for a flat wick 
gths of an inch wide, the burner being secured by another brass ring, 
which has a male screw. 

The cistern is secured at the top by two stops, soldered on to the body 
of the lamp, and at the bottom by a spring, which slides over and drops 
into a stud. To this spring there is fitted a ring for pulling the cistern out. 

The weight is as follows, viz. : — lamp i lb. 7 oz., cistern 3 oz., oil 
2 oz. ; totals I lb. 12 oz. 

There is also another kind of gauge-lamp in use, which is made of tin, 
and is 4^ inches high and 2f inches wide, with a piece of bevelled plate 
glass 3 j inches by 2 J inches, fitted on each side, and a door with a piece 
of plaie glass ot tiie same dimensions at the front. 
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On the top are fitted two semi-circular pieces of tin, at right angles, and 
at a sufficient distance from each other to allow the hot air to escape, the 
cold air being admitted at the bottom by some holes at the back and sides. 

A piece of brass wire, 3-i6ths of an inch thick, is soldered on to the 
top for a handle. 

On to the back there is fitted a piece of 3-8ths-inch brass tube, which 
forms a socket to correspond with a spindle attached to the engine to 
which this lamp belongs, and to this socket is fitted a small brass bolt, 
which, when hardened up to the spindle, firmly secures the lamp. 

The cistern is of tin, and has a brass ring soldered on to the centre, 
with a female screw, and a shoulder to receive the burner, which is made 
for a flat wick about 3-8ths of an inch wide, the burner being secured by 
another brass ring, with a male screw. The cistern is secured by a stop 
soldered on to each side of the lamp, and by the door shutting close 
on to it. 

Inside the lamp, and on the right hand, is fitted a i-i6th of an inch 
tube, ^ an inch in length, and a piece of i-i6th of an inch iron wire, 
pointed at one end, is supplied and kept there, for the purpose of prick- 
ing up the wick when necessary. 

A gauge-lamp of this kind weighs i lb. $ oz. 

Lapping-Leathers. 

A lapping-leather is cut from sheep's skin, and is usually about 
^^ 3 feet long and 2^ inches broad. 

It is used for binding round hose to stop a leak during a fire, 
when it is not convenient to shift the damaged length. 
A lapping-leather weighs 3 oz. 
£ach engine carries a bundle of 6 fepping-leathers, which weigh 
together i lb. 2 oz. 

Lapping-Lines. 

fA lapping-line is of hemp, made up as what is known as box- 
cord. 

It is 6 feet long, and is chiefly used for securing the lapping- 
leathers over a leak. 

A lapping-line weighs i oz. 
Each engine carries a bundle of 6 lapping-lines, which weigh together 
6 oz. 

Long Line. 

A long line is a piece of 2-inch patent laid rope, commonly known as 
signal halliards line. It is 80 feet long, and is whipped with strong 
twine at each end, to keep it from opening or fraying. 

Each long line is marked at both ends with the number of the 

station to which it belongs stamped on a 
rivet, the stem of which is driven through 
and burred down over a washer. 
A long line weighs 7 lbs. 14 oz. 

Short Line. 

A short line is of tarred hemp, made up 
as what is commonly known as i|-inch hawser-laid rope. 
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It is 36 feet long, and is whipped and marked in the same way as the 
long lines. 

A short line weighs 2 lbs. 2 oz. 

POCKET-LlNE. 

A pocket-line is of hemp, made up as what is commonly called three- 
stranded cord or seizing stuff. 

It is 12 feet long, and is used for a variety of purposes; such as taking 
the weight of the hose on a staircase, or at any inside work, or wherever 
a line is required to carry only a* slight weight 

A pocket-line is also frequently used when it is necessary to put up 
lashings. 

The weight of a pocket line is 4 oz. 

Mattock. 
A mattock is composed of two parts, called respectively the head aiid 

the handle. ^^^^VmB^^^^k^ 

The head is of wrought iron, 22 inches long,^^^^^^*^^^^^^^ 
and is of the same shape and size as the head of an ordinary pick-axe, 
with the exception that one end of it is chisel-shaped. It is steeled and 
tempered at both ends. 

In the centre of the head there is a longitudinal hole, which is slightly 
tapered to receive the handle. 

The handle is of well-seasoned ash, 3 feet long, oval shaped, 
thickened at one end to fit the mBBm^B^^m^a^mmmma^^^^^^;;^ 

hole in the head, which is \ *— ^ 

jammed on to it; the other end is slightly shouldered, to prevent it 
slipping out of a man's hand when in use. 

The weight of a mattock is — ^head 4 lbs. 12 oz., handle i lb. 4 oz. ; 
total, 6 lbs. 

Small Nippers. 

Small nippers are made of steel, and resemble a pair of pincers. 

They have a jaw, straight on the outside and semi-circular on the 
inside, and 2 inches long ; and the handles are straight, and 5 inches 
long : making a total length of 7 inches. 

They are used to lift out the valves of a feed-pump attached to a 
steamer, or to put them back again in their places. 

The weight of a pair of small nippers is i J oz. 

Nozzles. 
Described elsewhere. 

Small Oil-Can. 

A small oil-can is made of tin, the joints being lapped and soldered ; 
and for a height of 4f inches it is of a cylindrical form, and 
4 inches in diameter, the upper part being conical, and 
terminating with an opening f of an inch in height and 
I inch in diameter to admit the oil. 

This can will hold about a quart, and it is usually carried 
in a steam-engine. 

A small oil-can, when empty, weighs 10 oz., the oil contained in it 
weighs 2 lbs. 6 oz. ; the can, when full, weighs 3 lbs. 
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Preventer. 



OiIt-Feeder. 

An oil-feeder is a tin vessel, with a handle 
soldered on at one end, and a long spout 
at the other. It is somewhat of an oval 
form, but rather wider at the handle end than at the spout end. 

The body of the vessel is if inches deep, 5 J inches long, and 
2 1 inches wide in the centre; and the spout has a shoulder 
about I J inches long, and contracting from i| inches to ^ an 
inch ; the remaining portion is. round and slightly curved, and 
tapers to i-8th of ah inch in diameter. 

There is fitted to the inner end of the spout a valve, faced 
with leather, called the safety-lever valve ; and the lever is so 
placed that in taking hold of the handle with the two forefingers 
the thumb comes in contact with it, and can press on it so as to 
open the outlet and let the oil run. 

The advantage of this kind is, that in travelling, or in case of 
its getting upset, the oil cannot flow out. There is a cylindrical 
opening on the top 3-8ths of an inch high, and 3-4ths in diameter, 
which is fitted with a brass cap with a leather washer. The cap 
can be screwed on and off at pleasure, and the opening is used 
for filling the vessel. 

The weight of an oil-feeder is — feeder 5 oz., oil 4 oz. ; total, 9 oz. 

Set of Packing-Irons. 

A set of packing-irons is composed of the following, namely — 
I worm, I hook or pricker, and i pushing-iron. 

A worm is made of steel wire, of about No. 6 B W gauge, with 
a turned eye at one end for the hand, and the other drawn out 
to a taper, and formed in shape of a worm ; it is used for draw- 
ing old packing from the glands of an engine. 

A hook, or pricker, is also made of wire of the same gauge, 
with an eye at one end and the other pointed and turned in die 
shape of a hook ; it is used for packing as well as drawing 
out old packing. 

A pushing-iron is also made of the same gauge steel wire, with 
a turned eye at one end for the hand, and the other flattened 
out ; it is about 7 inches long, and is used for pushing new or 
fresh packing into the glands of an engine. 

A set of packing-irons weighs 6 oz. 

Preventer. 

A preventer, or fire-hook, is very nearly the same kind of im- 
plement which is commonly known as a boat-hook, and consists 
of two parts, called respectively the head and the handle. 

The head is of wrought iron, 1 7 inches long. At its upper 
end it has a straight spike or prong 5 inches long, J inch Aick 
at its commencement, and gradually reduced at the extremity. 
At a distance of 5^ inches from the top it has another spike or 
spur of the same length, which stands at about a right angle from 
the prong, and has on its lower side a cutting edge. The lower 
part of the head for about 5 inches forms a tapered socket, | of 
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an inch in diameter at the top, and widening to about i J inches in dia- 
meter at the bottom, the head terminates in a side or clamp, 6 inches long 
and about 2 inches wide, slightly curved so as to fit the wooden handle. 

Through the socket there are drilled two holes for rivets, and through 
the side or clamp two holes for screws, one at the top and the other at 
the bottom. 

The handle is of best ash, 8 feet long, and i| inches in diameter, 
tapered at one end to fit into the socket of the head, and secured in its 
place by rivets and screws passing through the holes cut for the purpose. 

Its principal uses are pricking ceilings, pulling down burning embers, 
and doing other work out of reach of the men's hands or the shorter im- 
plements. 

The weight of a preventer is — ^head, rivets, and screws, 2 lbs. 8 oz., 
handle 4 lbs. ; total, 6 lbs. 8 oz. 

Saw. 

A saw consists of two parts, called respectively the blade and the handle. 

The blade is of steel plate, 26 inches long, 4^ inches wide at one end 

to which the handle is attached, ^«„^^«[a| ^^ — 

and gradually tapered to 2 J inches ^f||||r _.«*-J 

on that edge on which the teeth J^''^^,.,.,.,.,*^^*,'*^^ 
are formed. There are 95 teeth, 
which are slightly set out alter- 
nately and at reverse sides, to 
enable it to form a sufficient space 
in the wood to clear itself, and 
thereby reduce the work. ^ Saw and Saw-Case. 

The handle is made of beech-wood, and is secured to the steel plate 
by 3 counter-sunk brass rivets, which have a screw at one end to take a 
slot-headed washer at the other, which is also counter-sunk, and can be 
hardened up at any time. 

The weight of a saw is 2 lbs. 1 1 oz. 

Saw-Case. 

A saw-case is a leather sheath, 2 feet 2 inches long, 5 J inches wide at 
its wide end, and 3^ inches wide at its narrow end j it is made of bridle 
butts, with the flesh side inwards, sewn with wax end, and made in the 
shape of a saw. The wider end of it is left open for the purpose of 
receiving the blade of the saw, thus completely covering it and pro- 
tecting it from damage when not in use. It is fitted at the open end 
with a small leather strap on one side, and a roller-buckle on the other ; 
the strap is passed through the handle of the saw and fastened by the 
buckle, thus keeping the saw firmly in its place. It has also two pieces 
of leather, 8 inches long and i inch wide, placed across one side of the 
case at about 7 inches from the ends. The cross-strips and the strap and 
buckle are fastened to the case with tinned copper rivets and washers. 

The leather case is carried on the underneath or inner side of the 
hose-box lid of the engine, and is secured in its place by means of 
screT^s passing through both ends of the cros-s-strips, and entering 
battens placed on the Hd to form a flat surface. 

The case, without the saw, weighs i lb. 4 oz. 
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SuoKE Cap. 
Described elsewhere. 
Weight, 4 lbs. 

Spade. 
A spade is composed of two parts, namely, the bUde and 
the handle. 

The blade is made of wrought iron, and tipped with 
steel ; it is iij inches long and 7^ inches broad, and varies 
in thickness from i-i6th to i-8th of an inch. 

It has an iron socket, lo inches long and slightly curved, 
welded on to it to receive the handle, and it has also a 
piece of i-8th of an inch iron rivetted on to the top of the 
blade and each side of the handle, to receive the foot when 
brcing it into earth or rubbish. 
The handle is of wood, generally ash, and is 26 inches 
' long and i J inches thick, with a semi-circular jj-inch bend 
at the top to take a man's hand. 

The handle is fitted into the iron socket, and secured by 
3 iron rivets. The total length is 37^ inches. 

The spade complete, including blade and handle, weighs 
5 lbs. 

Brancr-and-Nozzle Spanner. 

\>y A branch-and-nozzle spanner is made of burnished wrought 

Vf iron, and in a fonn at one end to fit the sides of the hex^on 

U part of a branch-pipe, and at die other end the hexagon part of 

^ a nozzle. 

The weight of a branch-and-nozzle spanner is 2 lbs. n oz. 

Shifting Spanner. 
A shifting spanner is made of steel, and has two jaws, the upper one 
fixed to the handle or lever, and the lower one moveable ; both 

fare at right angles to the handle. 
The handle has a worm rack cut in the back for a length of 3 
inches, being the length of travel of the lower jaw, which is made 
to slide accurately but easily upon it. 
To effect the travel, the moveable jaw is furnished at the back 
with a screw gearing on to the worm rack, and rotating on a pin 
passing through the body of the jaw. This screw is turned by the finger 
and thumb, for which purpose the tops of the threads are milled. 
The weight of a shifting spanner is 2 lbs. 3 oz. 

Other Spanners. 
Most of the other spanners are of steel They are chiefly carried in 
the steam-engines, and are of various sizes, differing according to 

Ithe nuts and bolts of the engine to which they are attached. 
They also differ considerably in shape, some being S shaped and 
some straight ; some having a jaw at each end, and others oiJy a jaw 
at one end, the arrangement in each case being determined by the 
positions of the nuts and bolts of the ei^;ine. 
Their weight is variable, but seldom exceeds i lb. for each. 
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A Stand-pipe. 

A stand-pipe, or portable hydrant, is composed of three principal parts, 
namely, a head, a shaft, and a shoe. 

The head is cast in gun metal, and forms a short bend 
or round elbow, with a clear water-way of 2J inches 
throughout. The lower end is finished off with a collar 
if inches in depth, which receives the iron shaft. The 
upper or delivery end has a chanjber cast on it 6 inches 
deep and 3 inches wide, and is faced with a flange | inch 
wide, pierced with 16 holes, to take a corresponding 
number of ^inch steel screws. In this chamber there is a 
slight seating, for the purpose 01 receiving and steadying a 
nearly circular flat valve. This valve is cast with a rack 
at one side, consisting of 11 teeth, f inch wide, 3-i6ths 
of an inch deep, and 5-8ths of an inch apart from centre 
to centre. The other side has a raised face of 3-8ths 
of an inch all round. 

This valve faces on to the inner side of a flat cover, 
which fits over the chamber, and has at the upper part of 
it, corresponding with the water-way of the elbow, a pro- 
]ecting-pipe, with a male screw cut on it to take the hose. 
The male screw is protected by a cap when not in use. 

Between the flanges of the cover and the chamber a 
leather washer, pierced with the necessary holes, is 
placed, and the screws are passed through the flanges 
and hove up, so as to make a water-tight joint 

Across the centre of the chamber, but below the 
water-way, a slight recess or space is left, to allow a gun- 
metal spindle or pinion to be worked. To support and steady this 
pinion the chamber has, at one side, a hole 3-8ths of an inch in diameter 
and 3-8ths of an inch in depth, which receives the end of it, and at the 
other side a stuffing-box cast on to it, through which the spindle is 
passed, and the screw of the stuffing-box then hove tight to prevent it 
leaking. 

The spindle has a ^inch square formed on the end, outside the 
stufifing-box, to take a strong gun-metal key, which raises or lowers the 
valve, thus opening or shutting off the water when necessary, and acting 
as a command-cock to the hydrant. 

Above the bend or elbow there is cast on a solid piece of gun metal, 
with a flat hammer-shaped top, strengthened by small angle-pieces or 
wings, also cast on to it. This is made to receive the blow of a hammer, 
axe, or other implement used for driving the shoe or stem of the stand- 
pipe into the plug-hole or outlet of the main. 

The shaft is formed of a drawn wrought-iron tube of i-8th of an inch 
thick, 2| inches in diameter, and 3 feet 3 inches in length, fitted to the 
head at one end, and to the shoe at the other, and galvanized to prevent 
rust 

The shoe is a gun-metal tapered piece of tubing, 6 J inches long, 2| 
inches in diameter at the end which is fitted to the shaft, and i| inches 
in diameter at its lower end. The end of the shoe is shaped in this way 
because the size of the outlets in the mains vary. It is therefore tapered 
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SO as to fit loosely the smallest of the outlets. When in use it is jammed 
down until firmly fixed, and is secured at the street level by means of 
wooden wedges, which are driven in between the shaft and the plug- 
hole. 

A stand-pipe, as here described, is a most imperfect implement ; but 
it is the only one which can at present be made effectively available in 
London. 

One of these stand-pipes is carried on each engine, and it is used 
either when the officer in charge considers that there is likely to be a 
sufficient pressure of water in the main for his requirements, or in 
certain cases for cooling ruins after the engines have extinguished the 
principal part of a fire. 

The weight of a stand-pipe, with the key and cap, is 28 lbs. 4 oz. 

Stoking, Irons. 

Stoking irons are composed of the following articles, namely, i shovel, 
I rake, i pricker. 

A shovel is made of wrought iron, the handle being round, 5-8ths of an 
inch in diameter and 2 feet 1 2 inches long, with a semi-circular form at 
one end for the hand, and at the other a pan formed of sheet iron, i-8th 
of an inch thick, 14 inches long, and 7f inches wide, giving an extreme 
length of 3 feet 10 inches. 

The pan is welded on the handle. 

The weight of a shovel is 6 lbs. 3 oz. 

A rake is made of wrought iron, the handle being roimd and J an inch 
in diameter, with, at one end, 3. semi-circular form for the hand, and at 
the other a piece of sheet iron, 4 J inches long and 2 J inches wide, 
welded on, giving a total length of 3 feet 10 inches. 

Its weight is 3 lbs. 6 oz. 

A pricker is made of wrought iron, the handle being J inch round iron, 
with, at one end, a semi-circular form for the hand, and at the other a 
chisel end, welded on at right angles, giving a total length of 3 feet 10 
inches. 

Its weight is 3 lbs. 4 oz. 

The total weight of the stoking irons carried on a steamer is as 
follows, namely: — shovel 6 lbs. 3 oz., rake 3 lbs. 6 oz., pricker 3 lbs. 40Z. ; 
total, 12 lbs. 13 oz. 

Bucket and Suction-pipe Straps. 

These straps are made from English butt, dressed in the same manner 
as that used for hose. 

They are respectively 44 inches long, ij inches wide, and have a 
wrought-iron buckle, with a tinned roller, secured to them by means of 
a copper rivet. 

The weight of each of these straps is as follows : — Buckle and rivet 
I oz., leather 5 oz. ; total, 6 oz. 

Ladder Straps. 

These straps differ from the before-mentioned only in the length, which 
is 17 inches. 
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The weight of a ladder strap is as follows, viz. : — 

02. 
Buckle and rivet ... i 
Leather 3 

Total 4 g* " ■ """ ' =^ 

Preventer, Lever, Stand-pipe, and Stoking-Iron Straps. 

These straps are exactly the same as those before mentioned, with 
the exception of the length, which is 36 inches. 

The weight of each of the above straps is about as follows : — Buckle 
and rivet i oz., leather 5 oz. ; total, 6 oz. 

Suction-pipe Crutch. 

A suction-pipe crutch is made of either wood or wrought iron, and is 
used to support a suction-pipe either at the back or front of an engine, 
and also, when the pipe is in use, to prevent the strainer rising from the 
bottom of tlie canvass cistern under the water when working from a 
plug, and thus preventing the engine from drawing air. 

The weight of a suction-pipe crutch is from about 6 to 10 lbs. 

Curricle Suction-Pipe. 
Described elsewhere. 

Manual Suction-pipes. 



Described elsewhere. 

A 20-F00T Length of Steamer's Suction-Pipe. 
Described elsewhere. 

Curricle Suction-Strainer. 

A curricle suction-strainer is of the same material and workmanship 
as all other strainers, and only difters in the dimensions. 
The female screw attached to this is 2 inches in diameter. 
The weight of a curricle suction-strainer is 2 lbs. 9 oz. 

Manual Suction-Strainer. 

A strainer of this kind is an oblong box, covered in at the top and 
bottom, and pierced with holes at both sides and 
one end. 

From the other end there is a piece of pipe 
about 4 inches long, with a 2^-inch water-way, and 
terminating in a female swivel-screw of the usual 
pattern, with round thread. This pipe inclines upwards, at an angle of 
about 20°, so that when the bottom of the strainer is laid flat, the end 
of a straight pipe leading from it may be at an elevation. 

It is of sheet copper, in two parts ; the bottom, sides, and outer end, 
are made in one piece folded over and brazed in the seams. The top is 




144 GEAR CARRIED ON AN ENGINE. 

brazed on to the sides and ends. The sides and outer end are punched 
with 256 ^-inch holes, with an aggregate area of about I2i square inches, 
or more than twice the water-way of the 2|-inch pipe which is supplied 
through them. 

As the holes in a strainer cause considerable friction, it is always 
desirable to have their aggregate area considerably in excess of that of 
the pipes through which the water has to pass, and it will generally be 
found best to give them three times the water-way, allowing one-third for 
friction, one-third for dirt, and the remaining third for fil&ng the pipe. 
In our work, however, there are such frequent opportunities of examining 
and clearing the strainers, and the advantage of having all the appliances 
as light and portable as possible is so great, that the smaller proportions 
here given are for convenience adopted ; and in almost all ordinary cases 
they prove fairly sufficient for the purpose. 

It was formerly the custom to use round strainers perforated alt over, 
and this form had the undoubted advantage of combining the greatest 
possible aggregate of area with the smallest weight and bulk of metal ; 
but in practice great difficulty was experienced in keeping them covered 
on top when drawing water from street gutters and other shallow places, 
and they were continually getting choked with mud, gravel, and other 
dirt drawn in from underneath ; in short, whenever tiiey were placed in 
water of even 5 or 6 inches in depth, which was fully twice their diameter, 
it was found that they passed mud and air into the pumps with the 
water, and on this account they have long since been given up, and flat 
strainers only are now used, which have no tendency either to draw in 
air by depressing the surface of the water, or to let mud pass through 
from underneath, and which only receive their supply through the sides, 
where the water is purest. 

The weight of a manual suction-strainer is 4 lbs. 8 oz. 

Steam Suction-Strainer. 

Steam suction-strainers are in every respect the same as those for 
manual engines, with the exception of the dimensions, which are adapted 
to the size of the suction-pipe used, with a water-way of 3J- inches in 
diameter in the screws. 

The female swivel-screw is fitted with round threads of the usual 
pattern. 

The weight of a steam suction-strainer is 9 lbs. 4 oz. 

Suction-pipe Wrench — 3^ inches. 

This is of wrought iron, of precisely the same material and work- 
manship as those described under the head of small hose-wrenches. 
Its dimensions are, however, somewhat different, as it is used for 
heaving up the joints of the suction-pipes of the steam-engines. 

The weight of a steam suction-pipe wrench is 3 lbs. 13 oz. 

Sway-bars. 
Described elsewhere. 
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Tin Case, with Strangers' Working Lists. 

A case for strangers' working lists is of tin, yf inches long, 4 inches 
wide, and 5-8ths of an inch between the sides. It has a piece of 3-8th inch 
tube, soldered on one side, for a lead pencil, and the remaining 
space holds the working lists. 

It is covered with a lid of somewhat over the above dimen- 
sions in width, and i J inches long. 

An eye is soldered on the sides of the case and the lid respec- 
tively, through this there is spliced a small piece of line to secure the lid 
when open. 

It contains 6 working lists of the prescribed form, and i lead pencil. 

The weight of a tm case with strangers' working lists is — case 12 oz., 
lists and pencil 2 oz. ; total, 14 oz. 

Turncock's Tools. 

A set of turncock's tools consists of three implements, called respec- 
tively a key, a bar, and a spoon. 

The key is a round ta'J^ered piece of iron, i J inches in diameter at 
the top, and terminating in a key-shaped 
handle, and at the bottom end gradually 
thickened to a diameter of 2 inches, and 
hollowed for a space of 4 inches into a 
socket I inch square, to fit over the spindle in the mains. There is a 
slot I J by ^ inch cut in the side of the socket to let dirt or water escape. 
By passing the end of the bar through the handle of the key the cock 
can be turned either on or off, as may be required. 

The bar is a piece of round wrought iron, 3 feet 2 inches long, i inch 

in diameter, with a plain ^^^^^^^^^^^^^^gta^fg^gggn^g^^^^^a 
round head at one end, ^■■^s^^s^^^^^^^H^sias^^^Mil 

and a chisel-shaped point at the other. It is chiefly used for obtaining 
leverage, by passing it through the head or opening of the key. 

The spoon is a piece of wrought iron, 3 feet 3 inches long, and i inch 
in diameter, its top end _^^^^^^^^^^ 

is spiked, and at a dis- ■ ""^^^^^^^ 

tance of 4 inches firom the end it has a lug or spur i inch long, J mch 
thick, and j inch wide, which stands out at a right angle from the bar. 

The lower end, for a distance of 7 inches, is made into a half-round 
scoop, at the bottom of which there is a circular piece of iron, i^ inch in 
diameter, at a right angle from the scoop. 

Its uses are various ; the spiked end is for driving into the plug, and 
placing it into the outlet, and for loosening any rubbish which may have 
accumulated in the plug-hole ; and the scoop part is for lifting out any 
dirt that may collect round the head of the plug. 

The spur is for the purpose of getting leverage when the spike is in. 

The weight of a set of turncock's tools is as follows ; — key 10 lbs., 
bar 8 lbs. 2 oz., spoon 2 lbs. 5 oz. ; totaL 20 lbs. 7 oz. 

Spare Valves. 
Spare valves are carried in each steamer, and those used for some of 
the steamers are of vulcanized india-rubber, and are round. They are 
3 inches in diameter, and J-an-inch thick, and have a hole in the centre 
5-8ths of an inch in diameter. 
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They are dished or hollowed out on the under side about i-8th of an 
inch. 

This description of valve does for either suction or delivery. 

Those carried in others of the steamers are of the same material, but 
oblong and of a different size, those for the suction being 8f inches long 
and 2| inches broad, and 3-8ths of an inch thick ; and those for the 
delivery, 5 J inches long, 2f inches broad, and 3-8ths of an inch thick, 
each being dished or hollowed out on the under side about J of an inch. 

In packing these for stowage, great care should be taken in not using 
any twine or string, but merely pack them in paper, the twine or string 
being liable to cut the edge of the valve, and so destroy it 

Their weight varies very considerably, some being only 2 oz., some 7, 
and some 8| oz. 

Bundle of Wedges. 

A wedge, such as we use, is a piece of wood, commonly fir, 8 inches 
long, I J by 1 1 inches at one end, and brought down to a 
flat taper at the other. It is merely cut with a saw, and 
then cleaned and bevelled for about half an inch below with a chisel 

Wedges are used for securing a stand-pipe at the street level, and are 
driven between the plug-box and the stand-pipe for that purpose. 
The weight of one wedge is 2 oz. 

Each engine carries a bundle containing 6 wedges, which weigh 
together 12 oz, 

Wheel-Cloths. 

A wheel-cloth is made of a piece of No. i canvass, 7 feet long and 2 
feet wide. 

It is doubled together and sewn with strong twine at one end and the 
bottom respectively, thereby reducing the length to 3 feet 6 inches, and 
it is then sewn together 3 inches from the top and i inch from the 
bottom, at intervals of 6 inches, thus forming at the middle a series of 
compartments, but the entire space is left open at top and bottom, and 
consequently there is a communication of the water throughout. 

Three lanyards are spliced into holes on the top, one being at each 
comer, and one in the middle. 

When in use, it is fastened by means of these lanyards to the hand 
irons or other fixed parts, with the bottom resting on the ground, and 
then filled with water. 

They are used to prevent a steamer's hind wheels being burned by 
the heat from the fire-box, when the engine is at work, and for this 
purpose two are carried in each steamer. 

The weight of a wheel-cloth is 3 lbs., or 6 lbs. the pair. 

Damper. 

A damper is made of wood or iron, according to circumstances, and 
fits the top of a steamer's funnel. 

It is used for checking the draft, and thus regulating the fire when the 
engine is not working. It has a hole of i inch in diameter, to let air or 
smoke pass through, thus allowing sufficient upward draft to prevent the 
flame bursting out underneath the fire-box, and burning the cocks and 
other fittings. 

The weight of a damper is generally about 3 lbs. 
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INDEX TO DETAILS OF DRILL INSTRUCTIONS. 

I. — ^To stow the gear. 

2. — ^To square and lock the fore carriage, and place the sway-bars 
on the ground. 

3. — ^To mount the engine and open the hose-box lid. 

4. — ^To take out the dam, hose, &c. 

5. — ^To close the lid and get down. 

6. — ^To take the dam oflf and set it up. 

7. — To place the dam over the plug. 

8. — ^To make up and replace the dam. 

9. — ^To put on one length of suction-pipe. 
10. — ^To put on two lengths of suction-pipe. 
II. — To put on three lengths of suction-pipe. 
12. — ^To put on four lengOis of suction-pipe. 
13. — To add a length of suction-pipe to one already on. 
14. — To add more than one length of suction-pipe to one already on. 
15. — To put in a length of suction-pipe between the engine and one 

already on. 
16. — To put in a length of suction-pipe between two other lengths. 
17. — To put in two or more lengths of suction-pipe between others 

already on. 
18. — ^To take off a length of suction-pipe when there is only one on. 
19. — To take off a length of suction-pipe when there are two or more 

on. 
20. — ^To take off the first length of suction-pipe when there are two or 

more on. 
21. — ^To take out an intermediate length of suction-pipe. 
22. — To take off the suction-pipes altogether. 
23. — ^To put a suction-pipe in the pocket 
24. — To put on the branch. 
25. — ^To take off the branch. 
26. — To shift nozzles. 
27. — ^To put on one length of hose. 
28. — To put on two or more lengths of hose. 
29. — To add another length of hose to one already on. 
30. — ^To add other lengths of hose. 

31. — To add a length of hose in a special place, not at the end. 
32. — To put a length of hose on next the engine. 
33. — To put on two or more lengths of hose in a special place. 
34. — ^To separate one line of hose into two. 
35. — ^To add another line of hose by means of a breeching. 
36. — ^To join two lines of hose together. 
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37. — To shift a damaged length of hose. 

38. — ^To make up a damaged length of hose. 

39. — To take off a length of hose when there is only one oil 

40. — ^To take off a length of hose when there are two or more on. 

41. — ^To take off two or more lengths of hose. 

42. — ^To take off a length of hose in a special place, not at the end. 

43. — To take off a length of hose next the engine. 

44. — To take off two or piore lengths of hose in a special place, not 

at the end. 
45. — ^To take off all the hose. 
46. — ^To make up a length of hose. 
47. — ^To lay out hose back and forward. 
48. — ^To range down a quantity of hose. 
49. — To flake down hose in loops. 
50. — ^To pile hose. 
51. — ^To lay out hose round a comer, up a staircase, into a room, or 

over a roof. 
52. — ^To shoulder hose. 
53. — ^To get hose in a window, or over a wall, parapet, or other 

eminence. 
54. — ^To lower down hose. 
55. — ^To turn over and secure the levers, and place the preventer on 

the ground. 
56. — ^To lock the levers. 
5 7. — To imlock the levers. 

58. — ^To fold and strap the levers, and replace the preventer. 
59. — To make out strangers' list. 
60. — ^To blow out an engine. 

61. — ^To unlock the fore carriage and hook on the sway-bars. 
62. — Places of men on an engine. 



DETAILS OF DRILL INSTRUCTIONS. 

The following operations are essential to the transaction of the prac- 
tical business of a Fireman, and each must be separately mastered before 
a young hand is allowed to serve at a fire. 

The paragraphs are numbered chiefly for convenience of reference, 
and not because it is always or frequently necessary to do the work in 
the order here laid down, or in any other particular order. 

For the purposes of this instruction the men are designated as 
follows : — Nos. I, 2, 3, 4, 5 and 6. 

Stowage of a 6-inch Manual Engine. 

I. To stow the gear, — ^When all the gear has been got together close 
to the engine, mount and stow the several articles in their proper places, 
putting in the dam last, then close the lid, and jump down, coming to 
the ground lightiy. 

The following will generally be found a convenient order for the 
stowage of a manual :— 
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A. Place the ladders on the hooks, and fasten them down to the 
staples, with the straps and buckles. 

B. Fix the side-lamps on the sockets or lamp-irons. 

C. Place the four suction-pipes in the side-pockets, two long ones at 
the near side, and one long and one short at the off side, with the 
strainer screwed on the short one. 

D. Place the blade or head of the large axe in the leather case fitted 
on the inside of the hose-box. 

E. Place the spade and saw in the leather cases fixed on the inside 
of the hose-box lid. 

F. Place the turncock's tools in the two leather beckets, fitted for 
them on the off side. 

G. Place the mattock and handle and the crowbar in the two leather 
beckets, fitted for them on the near side. 

H. In the fore part of the hose-box, under the driving seat, stow four 
lengths of hose rolled up, placing the coils fore and aft, vertically, or on 
end, with the female screws uppermost, and facing towards the hind part. 

I. Place the remaining lengths of hose in the same way next to the 
first four. 

J. Next place the stand-pipe in with the shoe part forward, and, if 
possible, stuck in between the four coils, with the head aft, and laid flat, 
to avoid injury in travelling. 

K. Place the two branches with a | and a |ths-inch nozzle respec- 
tively connected, in the rack or leather straps fitted inside the hind end 
of the hose box, over the covering boards of the cylinders, the one with 
the J-inch or ordinary working nozzle on top, and the one with the 
f ths-inch nozzle underneath, and turned in the opposite direction. 

L. Place the hand-pump made up complete in a canvass bag on the 
covering board abaft the guide-rods. 

M. Place the six buckets strapped together, and the long and short 
lines between the hose and the covering boards. 

N. Place the canvass dam on the top in such a way as not to prevent 
the lid closing, and the hose-box is complete. 

O. Place one of the hose-wrenches in the leather beckets, fixed for 
the purpose behind the hose-box on the outside. 

P. All the remaining articles are carried in the fore-pocket, under the 
driving seat 

Note, — It is often found an advantage to substitute the following for 
H and I. 

In the fore part of the hose-box, under the driving seat, at the offside^ 
stow two lengths of hose, as already described, and behind them, towards 
the after-end of the engine, stow two other lengths ; then in the remain- 
ing space range or flake down four lengths coupled together, and with 
the branch and J-inch or working-nozzle, and the shifting becket or 
hand-loop attached, taking special care in the flaking down to avoid 
round turns, as each round turn would cause a kink when the hose is 
hauled out. 

When hose is stowed in this way, the coiled lengths can be got at 
without interfering with the others. 

Whenever this mode of stowage is adopted, K is modified so far as the 
second branch is concerned. 
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2. To square and lock the fore-atrriage, and place the sway-hars im the 
ground. — TaJte hold of the near side fore-wheel by one of the spokes 




with the right hand, and square the fore-carriage so that the holes in the 
transom-plates shall be in a line with each other ; then take the locking- 
pin out of the socket on the front beat block, and drop it into the holes, 
thus fixing the fironl wheels and splinter-bar, so that the levers and 
handles may go clear when set in motion. 

3. To nwunt the engirie and open the hose-iox lid. — Place the left foot 
on the box of the near side fore-wheel, and spring up, catchii^ hold of 
the driving-seat rail, or the man-rope, with the left hand, swing the right 
foot on to the flap of the suction-pocket ; then take hold of the hand- 
rails, and open the lid of the hose-box. 

4. To take out the dam, hose, Off, — Lift the dam, and push it over the 
stem until its lower end rests on the spindle, inside and close to the 
bearing brasses, or, when the bearing brasses are covered, inside and 
close to the hind cross lever, and lay its upper part against the hind end 
of the hose-box. Take out the necessary lengths of hose, placing the 
coils on the near side handle towards the front end, and allowing them 
on the inside to touch, but not to rest on the iron of the lever; this 
will steady them in their places, and the upper parts of the coils may 
be laid against the ladder or the side of the hose-box. If this be 
properly done, the coils should be quite safe from faUing down, and 
should stand in such a position as to allow the lid of the side pockets 
to open freely, so that the suction-pipes could be taken out or put in 
without disturbing the hose. Take out the branch and such spanners 
and other tools as may be required. 

5. To close the lid and get down.- — Take hold of the upper end of the 
dam with the right hand, and, holding it clear, shut the lid down with 
the left hand, after which the dam may be laid, as before, against the 
hind end of the hose-box. Then place a hand on the side levers, or 
some other convenient place, and jump down, taking care to place 
considerable weight on the hand, so a^ to check the fall, and come to 
the ground lightly. 

6. To take the dam of and set it up. — Take hold of the dam with both 
hands, and place it on the ground as near the plug as convenient, with 
the bottom side down. Unfasten both straps from the buckles, place 
one foot inside the dam on the bottom frame to keep it down ; grasp 
with both hands the top frame, and raise it up smartly. Then with one 
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hand tap die uprights fioin the inside, just below the knuckle-joints, to 
ensure that the setting up is complete. 

If the dam is very slack, and sets up quickly, it is often found useful 
to keep both feet outside, and when the top fhune has been lifted, to 
hold it between the legs while adjusting the upright. 

7. Ta place the dam over the plug. — Seize the dam by the top frame 
with both hands, and push it directly over the plug, taking care that the 
hole in the bottom is placed fairly over the hole in the paving-box, ■ 

8. To make up and replace the dam. — Empty the dam by tapping the 
knuckle-joints of the upright stays from the outside, and when it has col- 
lapsed, turn it over to drain the remaining water out. Then turn it 
again on its bottom, adjust the frames and the canvass, folding the latter 
carefully inwards, and buckle both the straps firmly. Then take it up 
and stand it with its lower end resting on the spindle, close to the bearing 
brasses, and its upper end laying against the hind part of the hose-box. 
If the hose-box lid requires to be opened or shut while the dam is in 
this position, it is necessary to hold the head of the dam clear with one 
hand during the operation. 

The dam is always carried with the bottom downwards, as in this way 
the straps and buckles do not interfere with the moving. When all the 
other articles of gear have been stowed in the hose-box, put the dam on 
top and shut down the lid. 

To PUT ON AND TAKE OFF THE SUCTION-PlPES. 

This is done in several ways, according to circumstances; each of 
the different ways is therefore explained separately. 

In order to get out a length of suction-pipe from the pocket, it is 
always necessary that the handles and levers should be stationary. 

9. To put en one length of suctionpipe. — Run round to the oJT-side 
of the er^ne, near the front 
lever, and facing the hose-box. 
With the left hand open the lid " 
of the side-pocket, and with the 
right hand grasp the working 
sucdon-pipe (which has the 
strainer attached) near the female 
screw, and draw it partly out; 
then with the left hand grasp the 
pipe towards the other end, draw it completely out of the pocket, and 
walk with it to the 'stem of the engine. Place the strainer under the 
bonnet or canvass cover of the dam, and the female screw close to the 
suction inlet Throw the left leg over the suction, and hold the pipe 
firmly between the legs a litde above the knees, at the same time with- 
drawing both hands. Take the cap off the suction inlet, and screw on 
the suction-pipe, making sure that the screws are properly entered, and 
that they are iiot in tiie position known as " across thread." Then 
heave up the joint with a hose wrench, and, before making the last turn, 
see that the rivets of the suction are uppermost, or on the outside of the 
bend which the flexible pipe makes over the ridge of the dam. 

10. To put on two lengths of sucfton'pipe.^StB.ad at the hind part of 
the engine on the near side, within the lever ends, and open the lid of 
the side-pocket with the right hand, draw out one length of suction-pipe 
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with the left hand, and let the lid drop down ; then, holding the pipe 
with both hands, go to the stem of the engine, and place the male screw 
carefully on the ground, and the female screw close to the suction 
inlet. Throw the left leg over the suction, and hold the pipe firmly 
between the legs, a little above the knees, at the same time witiidrawing 
both hands. Take the cap off the suction inlet, and screw on the 
suction-pipe, taking the usual precautions to prevent the screw getting 
across thread. Heave up the joint with a hose-wrench, and before 
making the last turn, see that the rivets are underneath, so as to be on 
the outside of the bend formed by this length resting on the ground. 
Then go round to the oflf side, and, taking out the working length as 
before, bring it to the stern, place the strainer in the dam, and the 
female screw close to the male screw of the length previously connected 
to the engine. Throw the left leg over, and grasp the pipe between the 
legs, at the same time withdrawing the hands. Stoop down, and pick 
up the male screw of the first length with the left hand, placing the 
fingers under and the thumb over the shoulder of the screw, then with 
the right hand on the female swivel screw of the second length make 
the joint complete, leaving the rivets of this length uppermost. 

In heaving up this joint to make it tight, it is desirable to use two 
hose-wrenches, one on the male screw of the first length, and the other 
on the female screw of the second length, as the use of one only 
might have the effect of breaking away the shank of the male screw of 
the first length from the spiral inside, and so disabling the pipe. 

11. To put on three lengths of suction-pipe, — Stand at the hind part 
of the engine on the near side, draw out one length, and, throwing the 
right leg over, screw it on as before, laying the male screw gently on the 
ground. From either pocket take out another length without the 
strainer, and screw it on to the first, and from the off-side pocket take 
out the working length with the strainer, and screw it on, placing the 
strainer in the dam as before. When using three lengths, it is generally 
advisable to place the rivets of the first and second lengths underneath, 
and those of the third or last on top, and it is most important to use 
two hose-wrenches for each of the joints, except that between the female 
screw of the first length and the male screw of the suction inlet 

12. To put on four lengths of suction-pipe, — ^This hardly differs from 
the mode of putting on three lengths, and therefore does not need to 
be explained in detail. It is usually desirable to have the rivets of the 
first three lengths underneath, and those of the last or working length 
on top. 

13. 71? add a length of suction-pipe to one already on, — In all cases, 
after adding suction-pipes to those previously on, it is necessary to see 
that the engine is placed in a proper position, by running either ahead 
or astern, according to circumstances. Take out a length from either 
pocket, and bring it to the necessary place ; remove the strainer from 
the first length, attach the female screw to the male screw of the first 
length, and place the strainer on the end of the second length. 

14. To add more than one length of suction-pipe to one already on, — 
This is almost exactly the same as adding one length, and need not be 
explained separately. It may sometimes be convenient to make the 
joints between the lengths to be added, before stopping the pumping. 
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15. 72? put in a length of suction-pipe between the engine and one 
already on, — Get out a length as before, and bring it close to that 
already on, placing the female screw near the suction inlet, and holding 
the pipe between the legs. Break the joint of the first length, and lay 
the pipe gently on the ground ; screw on the new length, and heave up 
the joint with a hose-wrench ; then to the end of the new length attach 
the length previously on, and heave up the joint with two hose-wrenches. 

16. To put in a length of suction-pipe between two other lengths, — 
Get the new length and two hose-wrenches ready, and bring them to the 
most convenient spot, close to the joint to be broken. Open the joint 
and attach the female screw of the new length to the male screw of 
the broken joint, and the female screw of the broken joint to the male 
screw of the new length. Heave up both joints with two hose-wrenches. 

17. To put on two or more lengths of suction-pipe between others 
cUready on, — This operation is almost the same as that last described, 
the only difference being that it may be desirable to screw together all 
the new lengths before breaking the joints of those already on. 

iS, To take off a length of suction-pipe when there is only one on, — 
Get over the suction-pipe, close to the suction inlet, with one leg on 
each side, and hold the pipe firmly between the legs to prevent it 
falling when the screws are separated. Take the swivel screw with both 
hands, or if necessary with a hose-wrench, and turn it round to the left 
until the joint has been broken. Before leaving, replace the cap and 
screw it home by hand. Hold the suction-pipe with the right hand in 
front, and throw the left leg over backwards, so that no turning will be 
required when the pipe is brought to the engine. Then catch it in a con- 
venient place with the left hand, and replace it in the off-side pocket. 

In all cases of taking off the first length of suction-pipe, it will be 
found convenient for the man who does it to turn over the off-side hind 
lever, whether he has been specially detailed to do it or not. 

19. To take off a length of suction-pipe when there are two or more 
on, — Lift the strainer out of the dam, and remove it from the last 
length ; break the joint of the last length, holding the latter firmly 
between the legs while doing so ; then lay the removed length down, and 
attach the female screw of the strainer to the male screw of the length 
then furthest from the engine. Adjust the engine by running it back, or 
otherwise, so that the strainer shall be covered with water ; replace the 
suction-pipe taken off in the proper pocket, and the hose-wrenches in 
the places assigned for them, and all is ready for work again. 

20. To take off the first length of suction-pipe when there are two 
or more on, — Hold the end of the second length between both legs, 
and with two hose-wrenches break the joint between the first and second. 
Lay the male screw of the first on the ground, and bring the female 
screw of the second up to the engine, or the engine back to the female 
screw. Open the joint between the first length and the engine, and lay 
the first length on the ground; then attach the female screw of the 
second length to the male screw of the suction inlet ; heave up the joint 
with a hose-wrench, put the length taken off and the hose-wrenches in 
their proper places, and the engine is again ready for work. 

21. To take out an intermediate length of suction-pipe, — Break first 
the joint between the second and third lengths, and then that between 
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the second and first. Bring the female screw of the third length to the 
male screw of the first, join them together, heave up with ho3e-wrenches, 
stow away the removed length and the tools, and the engine is again 
ready for work. 

If the order is given to remove the third, or any other length except 
the first or last, the work is done as already described, the joint being 
broken first at the outer end of the length to be removed, and afterwards 
at the inner end, and the removed length and wrenches put in their 
proper places before the engine is set to work again. 

22. To take off the suction-pipes altogether. — This operation is com- 
menced at the furthest length from the engine, unless there is some 
special reason to the contrary. 

Get close over the joint to be broken, facing towards the engine, and, 
holding the length to be removed firmly between the legs, to prevent it 
falling when the screws are separated, fix both hose-wrenches, one on 
each half coupling ; hold steady with that on the lug of the male screw, 
and turn that on the lug of the female screw round to the left to start 
it ; as soon as it is observed to move, the use of the wrenches may be 
discontinued, as the rest of the work can be better and more rapidly 
done with the hands only ; before the joint has been completely broken, 
seize the male screw with the left hand, and when it is released lay it 
gently on the ground. 

In stowing the suction-pipes for making up, proceed as shown in the 
previous instructions, putting two lengths in the near-side pocket, and 
one long length, and the working length with the strainer on, in the oflf- 
side pocket 

After removing any length of suction previously to putting it in its 
place, throw over the proper leg, so as to leave the pipe in the right 
position when brought to the engine. Thus, for instance^ if there be 
four lengths on, as soon as the last or working length has been detached, 
and the male screw of the third length laid on the ground, throw the 
left leg over backwards, so that no turning shall be required when it is 
brought up to the engine. 

If the third length is to be put in the off-side pocket, throw the left leg 
over in the same way ; and when the other lengths are taken off, if they 
are to go into the near-side pocket, throw the right leg over backwards 
instead of the left. 

When the length next the engine has been removed, replace the cap on 
the suction-inlet before putting the pipe away. 

In taking a length of suction to the engine, hold it firmly in both 

hands, with the fingers below and the 
thumbs on top; and when dose to it 
release one hand by tossing the pipe on 
to the bend of the arm, at the same 
time preserving the grasp with the other 
hand. Then with the released hand 
open the pocket, and after removing the 
lever straps, insert one end of the pipe ; 
this will keep the lid up, after which, 
both hands can be used for stowing the pipe. This will be found some- 
what difficult or awkward at first, but it is the only way in which the work 
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can be done quickly without help, and after a little practice will be found 
comparatively easy. 

Suction-pipes should always be stowed away with their female screws 
forward. 

When more than one length has to be taken off, and the engine started 
again, it is usual to break only the joints between those to be removed 
and those remaining, and not those between the lengths to be removed. 
This is done to save time, and in such cases it is customary to start the 
engine at once, and to break the joints of the removed lengths, and put 
the pipes and tools away at the first convenient opportunity afterwards ; 
but when the order is given to make up the engine, it is almost always 
advisable to commence breaking the joints and removing the lengths 
furthest from the engine first 

It is to be observed, that all these changes may involve the necessity 
for shifting the rivets of one or more lengths. The simplest guide for 
this in practice is to remember the principle of always getting the rivets 
on the outside of a bend. Thus, for instance, if there be only one length 
on, and the engine working out of a dam on the street level, the rivets 
will be uppermost, so as to be on the outside of the bend of the pipe 
over the ridge of the dam ; if there be two lengths on, and the engine 
working as before, the rivets of the first length should be below, the 
bend being downwards, and those of the second on top; but if the 
engine be working over the side of a pier, both lengths might have the 
rivets on top, the bend of the first being then the other way ; if there be 
many lengths on, so that one or more lay flat on the ground, it is usually 
advisable to have the rivets of the straight lengths downwards, to avoid 
the wear and tear caused by the chafe on the ground, when the pump is 
at work, and communicates a vibration to the pipes. 

Even when the couplings of suction-pipes are in perfect order, with 
good washers of firesh soft leather, and clean well-oiled screws, it is by 
no means an easy matter to make all the joints of a long line quite 
perfect ; and, when it is remembered how essential their perfect working 
is to the supply of water for the pumps, it is obvious that too much care 
cannot be taken in screwing them up. A hose-wrench should never, 
imder any circumstances, be used until the screws have been first fairly 
entered and hove up by hand, at least two turns or so, in order to make 
sure that they are on the right threads. Any man of experience can 
feel in a moment, by the way in which the swivel turns, whether the 
screws are rightly entered or not, and it is even possible occasionally for 
a looker on to see this. If the couplings be found rough in turning, 
and a hose-wrench be used to heave up the joint, the effect must inevi- 
tably be to injure the threads, either by cutting tiiem on each other, or 
in some cases by stripping one or both altogether, and it is to be 
especially remembered that with such couplings as we use, which admit 
of only a thin washer when the screws are not accurately closed on the 
proper threads, the joints cannot imder these circumstances be tight, and, 
when the pumps are set to work, they are quite certain to draw air. In 
practice, it is found very nearly impossible to make a tight joint when 
any portion of a suction-pipe, even at the other end, is bent ; and on this 
account it is customary, when preparing to work over a pier, or out of a 
well or river, with several lengths, to nm the engine aliead, and screw on 
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each pipe in a perfectly straight line with the suction inlet, and, when 
all are on, then to run the engine back to the necessary place, bending 
the line of pipes gradually. In all cases of working from such depths 
as cannot be easily reached by the men, it is necessary, before lowering 
down the pipes, to fasten a line to the strainer, for the purpose of shifting 
it about, bringing it up to be examined occasionally, and so forth ; the 
best way of doing this is to put up a clove hitch on the neck of the 
strainer, turning in the end of the line by a half hitch on the standing 
part, and taking care that neither the end nor any other part can get 
near the holes, as this would have the effect of checking the supply of 
water to the pumps. 

23. To put a suction-pipe in the pocket, — If the suction is to go into the 
off-side pocket, take hold of it near the female screw with the right hand, 
and throw the left leg backwards over the pipe ; stoop down, and with 
the left hand grasp the pipe in a convenient place ; go with it to the 
off-side of the engine, and when close to it release one hand by tossing 
the pipe on to the bend of the arm, at the same time preserving the grasp 
with the other hand. Then with the released hand open tihie pocket, 
and after removing the lever straps, insert one end of the pipe ; tliis will 
keep the lid up, after which, both hands can be used for stowing the 
pipe. After this, let the Hd fall, and the sound will indicate whether the 
pipe lies properly in the pocket. 

When hose is lying on the side handles, it is necessary to go to an end 
and push the suction-pipes in, which is more troublesome. 

If the suction-pipe is to go into the near-side pocket, the hands should 
be changed, the female screw being grasped by the left, and the right 
leg being thrown backwards over the pipe. 

To PUT ON AND TAKE OFF THE BRANCH. 

To avoid repetition, the mode of attaching and removing the branches 
and nozzles is entered here ; but it is needless to say, that this cannot be 
done imtil the hose has been run out. 

24. To put on the Branch, — Get the branch from the engine, and see, 

before going away with it, that the proper noz- 
zle is on ; take also the shifting-becket and the 
branch and nozzle spanner. Go to the male 
screw of the hose run out, place the left foot on 
the leather near the lower end of the shank of 
the male screw, and press firmly on it until the 

-;^s ^" face of the screw rises about 2 inches from the 

ground. Hold the nozzle end of the branch in 
the right hand, and with the left, grasping the middle or lower part, 
screw the branch on to the hose ; then, to make the joint tight, harden 
it up with the branch spanner. To make this joint perfect, it is occa- 
sionally, but not always, necessary to use a hose-wrench for the purpose 
of steadying the male screw when the branch spanner is on. Strap on 
the shifting-becket over the lapping of the male screw, at the end of the 
hose. Before the engine commences to work, care should be taken that 
the proper tally is attached to the branch, so that a man relieving another 
shall know what delivery he is working from. Return the tools to their 
proper places. 
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25. To take off the branch, — Lay the end of the hose on the ground, 
and place the left foot on it, in the same manner as when attaching the 
branch. With the right hand take hold of the small end of the branch 
by the boss, not by the nozzle^ and with the left grasp the branch in the 
middle, and unscrew. If the joint is too tight to be broken in this way, 
use the tools, either the branch spanner alone, or the branch spanner 
and hose-wrench together, according to circumstances. Put away the 
branch, the shifting-becket, and the tools in their proper places. 

26. To shift nozzles, — Get the required nozzle and the necessary tools 
from the engine, and take them to the branch ; stop the delivery, hold 
the hose close to the branch firmly between the legs, remove the nozzle 
on the branch, and screw on the other, after which the delivery may be 
again started. The removed nozzle and the tools can then be put away 
in their proper places. 

To PUT ON AND TAKE OFF THE HoSE. 

This is done in several ways, according to circumstances ; each of 
which is, therefore, explained separately. 

27. To put on one length of hose, — Take a length of hose off the near- 
side front lever, and place it vertically on the ground opposite to the 
delivery outlet, to which it is to be attached, with the female screw on 
the top, and facing outwards from the engine. Hold the hose firmly 
between the knees, and unbuckle the strap, at the same time taking care 
not to break the coil. (See illustration, page 150). Stoop down, take the 
cap off the delivery screw, and let it hang by the chain ; hold the shank 
of the female screw of the hose with the left hand, and screw the swivel 
on to the delivery with the right, making sure that the threads are pro- 
perly entered ; and after about two turns by hand, tighten the joint up, 
if necessary, with a hose-wrench. 

Whenever a hose is not laid out in a straight line, the rivets should, if 
possible, be placed in such a position as to be on the outside of the 
bend. Thus, for instance, if the hose be run out at right angles from 
the engine, the rivets should be underneath ; if it be run forward, the 
rivets should be turned aft ; and if it be run backward from the engine, 
the rivets should be towards the front. If a hose be laid straight along 
the ground, the rivets should be underneath. 

When the bends are not sharp and the working pressure not heavy, 
the arrangement of the rivets is to a certain extent immaterial, and con- 
sequentiy, when dragging the hose about, it is not always customary to 
slack the joints and shift the rivets ; but in laying out hose it is always 
desirable, as far as convenient, to attend to this point, and this is done 
by tiuning the hose with the hand just before the joint is hove up tight, 
and taking the last turn of the screw with the rivets in the required 
position. 

Next reverse the position, turning round to the left, and at the 
same time taking a step back with the left foot ; take the lugs of the 
male screw between the fingers and thumbs of both hands, and raise the 
coil up until an upright position is attained ; walk away from the engine 
in the necessary direction with the hose at either side, generally the 
right, allowing it to uncoil freely; and when the whole has been run out, 
lay the male screw gently on the ground. 
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Repeat this operation with the hose in different directions, as forward, 
backward, and at right angles to the engine, sometimes using the near- 
side and sometimes the off-side deUvery, and occasionally shifting the 
hose and var3ang the direction after it has been laid out It has 
already been explained that, under certain circumstances, it is not 
absolutely necessary to shift the rivets, but when practising for the 
purpose of instruction this should never be omitted. At every change . 
the necessary joints should be slacked, the hose turned by hand, 
until the rivets come in the required direction outside the bends, and 
the joints hove up tightly again. 

28. To put on two or more lengths of hose, — ^After proceeding as 

directed in last instruction (No. 27) get a second 
length, and bring it to the male screw of the 
first ; lay it down vertically, as before, with the 
female screw turned away from the engine, and, 
holding the coil firmly between the legs, unbuckle 
and remove the strap. Pick up the male screw 
of the first length widi the left hand, and taking 

the female screw of the second length in the right hand, make the joint ; 
then turn round, and run out the hose in the required direction 
This is precisely the same for any number of lengths. 

29. To add another length of hose to one already on, — Go to the engine, 
and, without stopping the pumping, climb up over either the front or 
hind end, taking care not to touch any of the moving parts. . It is some- 
what awkward climbing in front over the driver's footboard, and this is 
consequently seldom done ; but there is no difficulty in mounting at the 
other end, by placing a foot on the suction-inlet, springing up and 
grasping the handrail on the hose-box lid. Get out a length of hose, a 
branch, a hose-wrench, and the branch-and-nozzle-spanner, and bring 
them to where the other branch is at work. Lay down the hose verti- 
cally, as before, with the female screw turned away from the engine, 
and, holding the coil firmly between the legs, unbuckle and remove the 
strap. Lay the female screw on the ground, and turning round, run the 
hose out in the necessary direction; screw on the branch with the 
hand-becket and tally, and harden up as before. Then return to 
to the inner end of the new length, get the engine knocked off, and, as 
soon as the water has ceased to run, unscrew the branch, and attach the 
female screw of the new length to the male screw from which the branch 
has been removed, holding the male screw with the left hand and the 
female screw of the new length with the right hand. As soon as about 
two turns by hand have been made, the engine may be started again, 
and the joint afterwards, if necessary, hove up with one or two hose- 
wrenches. Bring back the removed branch and the tools to the engine, 
and stow them away in their proper places, climbing up as before in 
such a way as not to interfere with the pumping. 

When the water is not running, it is usual to make the joint before 
laying out the new length. This is done in the following way. Bring 
out tiie new length and lay it down as before ; remove the branch, 3" 
there be one on ; hold the hose between the legs, and unstrap it ; take 
the female screw in the right hand, pick up the male screw of the other 
length with the left, and make the joint Then run out the hose as 
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already shown, and, if necessary, put the branch on the end. When 
there are two branches, it often saves time to bring out the second, and 
to remove the first, instead of shifting it. 

30. To add other lengths of hose, — This is done precisely as described 
in the last paragraph, except that, in the case of adding on several lengths 
at the same time, they should all be coupled together before the engine 
is stopped, in order that the pumping may be discontinued as short a 
time as possible. 

31. To add a length of hose in a special place, not at the end. — If the 
order be given to put in a length between the first and second, get the 
hose and necessary tools out of the engine without stopping the pumping, 
and bring them to within about six feet of the joint which is to be broken. 
Lay the hose vertically on the ground, with the female screw on top, 
and facing back in the direction of the engine ; hold the coil between 
the legs, and unstrap it, laying the female screw gently on the ground at a 
distance of not less than four feet fi:om the joint. Turn round, and 
either lifting the hose by the lugs of the male screw, or rolling it on the 
ground, walk round in a circle commencing by going towards the engine. 




gradually turning forward, and ending by coming towards the engine 
again, being careful to go far enough round to bring the male screw not 
nearer than four feet to the joint. Get the delivery stopped, and, when 
the water has ceased to run, break the joint between the first and second 
lengths ; bring the male screw of the first out to the female screw of the 
new length, and the female screw of the second length out to the male 
screw of the new length, and make the joints as already explained. Lay 
the couplings on the ground, and the engine may be started again. In 
this operation it is most important to keep the screws of the new length 
at a distance from the line of the other hose ; where this is neglected 
there are certain to be sharp bends or angles, involving loss of time in 
drawing them out and clearing them, or the still worse risk of bursting 
the hose. On this account, notwithstanding the repetition, it is again 
enjoined, that the screws of the old line should always be brought out to 
meet those of the new length, and that those of the new length should 
on no account be brought in to meet those of the old line. 

32. To put a length of hose on next the Engine, — If the order be given 
to put a length on next the engine, get the hose and tools out, as already 
explained ; commence laying out the new length close to the engine, and 
going round in a circle, precisely as in the last instruction, finishing with 
9ie male screw within about four feet of the delivery. Then stop the 
pumping, unscrew the hose firom the delivery, and screw on the new 
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length ; bring the female screw of the old line out to meet the male 
screw of the new length; make the joint, and the engine- may be again 
started. 

33. To put on two or more lengths of hose in a special place, — If the order 
be given to put on two lengths between the first and second, get the 
necessary hose out, take one and go round, as already explained, but 
making a large half-circle ; then add on the other, and, after closing the 
joint, make the other half-circle, and conclude within about 4 feet of the 
joint 

If the order be given to put on any other number of lengths, precisely 
the same mode is adopted, except that the size of the circle varies 
according to the number of lengths added. 

34. To separate one line of hose into two, — ^At the 

point where the line is to be divided, screw on a i 

into 2 breeching, and from each arm run out hose, 

as already described, and, if necessary, put on a 

branch at the end of each. 

35. To add another line of hose by means of a breeching. — Get out the i 

- , ^ -^ into 2 breeching, and the 

■'^"^ **" necessary hose, branch, and 

tools, and, without stopping 
the deUvery, place the 
breeching close by the coup- 
ling at which the stream is to be divided; attach the hose, run it out, and 
put on the branch. When all is ready, stop the delivery, break the 
joint, attach the male screw of the broken joint to the female screw of 
the breeching, and the female screw of the broken joint to the male 
screw of the breeching^ and start the delivery again. 

36. To join two lines of hose toge- 
ther. — At the point where the lines 
are to be joined, screw on a 2 into 
I breeching, and from the outer arm 
run out hose as required. Any 
number of lines can of coiurse be 
joined together in the same way. 

37. To shift a damaged length 
of hose. — When a length of hose is 

burst, or otherwise injured, bring another length, with the necessary tools, 
and run it out in the line of and alongside the damaged length. Then 
stop the engine, disconnect the damaged length at both ends, make the 
new joints, and the engine may be started again. 

38. To make up a damaged length 
of hose. — Lay the hose on the 
ground with the rivets downwards, 
and, commencing at the female 
screw, roll it up and strap it 
in precisely the same way as 
described in instruction 46 ; this 
will leave the male screw on the outside, which will instantly attract 
observation, and will consequently prevent it being brought out again 
for use. 
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When there is not time to roll it up properly, a large overhand knot 
should be put up in the middle 
to prevent it being used, and, 
when time admits, the length can 
be made up as here described, 
with the male screw on the out- 
side. 

In the event of a length of 
hose bursting, it is desirable before shifting it to haul the pipe out in a 
direct line. 

Sg. To take off a length of hose when there ts only one on, — Get ready 
the necessary tools, and take them to tlie branch. Then stop the 
delivery, take off the branch, and run in with it to the engine. Unscrew 
the hose from the exit-pipe, lay it clear on the ground for making up, 
and screw on the cap. Make up the hose and place it in the engine. 
Also replace the tools. 

40. To take off a length of hose when there are two or more on. 

N.B. — When the order is given simply to take off a length of hose, it 
refers to the last length only. 

Get ready the necessary tools and take them to the branch. Then 
stop the delivery ; unscrew the branch, run in with it to the other end of 
the last length of hose, break the joint connecting this with the second 
last ; screw on the branch to the male screw of the latter, and start the 
delivery again. After this make up the removed length, and put it in 
the engine. Also replace the tools. When a second branch can be 
conveniently obtained, it will save time to use it instead of the one on 
the end. 

41. To take off two or more lengths of hose. — Get ready the tools, and 
take them to the branch, as before. Stop the delivery, unscrew the 
branch, and run in with it to the female screw of the inner length to be 
removed ; break the joint, attach the branch to the male screw of the 
last length remaining on, and start the delivery again. After this, 
separate the removed lengths, and roll them up ; put them in the engine, 
and replace the tools. 

42. — To take off a length of hose in a special place^ not at the end. 

N.B. — The order should be, as "Take off the second length of hose," 
•'Take off the third length of hose." 

Get the necessary tools, and go to the joint at the outer end of the 
length to be removed. Stop the delivery, break the joint, and haul in 
the female screw of the next length until it reaches the joint at the inner 
end of the length to be removed. Break this joint, attach the female 
screw of the length hauled in to the male screw of the remaining length, 
and start the delivery again. Then make up the removed length, and 
put it in the engine. Also replace the tools. 

43. — To take off a length of hose next the engine. 

N.B. — The order in this case should be " Take off the first length of 
hose," or " Take off the length of hose next the engine." 

Get the tools ready, go with them to the joint between the first and 
second lengths, and stop the pumping. Break this joint, and haul the 
female screw of the second length in towards the engine. When close to 
the delivery-pipe outlet, throw a leg over the hose hauled in, and clasp 



1 62 ENGINE DRILL. 

it between the knees ; then unscrew the first length fi-om the engine, lay 
the female screw gently on the ground, in such a way as to be clear for 
making up ; then, if there are o3ier lengths on, screw the coupling of the 
second length on the delivery, and start the engine again. Make up the 
removed length, and put it and the tools in their proper places. 

44. To take off two or more letigths of hose in a special place^ not at 
the end. 

N.B. — ^The order would be, as " Take off the second and third lengths 
of hose," or " Take off the fourth, fifth, and sixth lengths of hose." 

This is done in almost precisely the same manner as already described 
in No. 42, the only material difference being that, before making up the 
removed lengths, the joint or joints between them must first be broken. 

45. To take off all the hose, — Stop the delivery, and get ready the 
necessary tools. When making up all, the following operations must be 
performed, in such order as may be most convenient at the moment 
Unscrew the branch and put it in its place, and break all the joints, 
generally commencing with the one next the engine. After unscrewing 
the length next the engine, hold it a moment between the legs, and 
replace the cap on the delivery-outlet ; then lay the hose down dear for 
making up. Then roll up each length separately, and place it on the 
handles, and, when all are made up, mount the engine and stow the 
whole of the gear, as previously directed ; then jump down. 

46. To make up a length of hose. — Lay the hose out in as nearly as 
convenient a straight Hne, with the rivets downwards. Take hold of the 
male screw with both hands, and bend it over as sharply and tightly as 
possible on the leather part of the pipe, with the lugs projecting out- 
wards. Continue to roll up in the same way, taking care to have all the 
rivets in the centre of the outside, so that, when the hose is afterwards 
unrolled for use, it will come off firee of kinks or twists ; at each turn 
press heavily on the leather, to force the water out, and when near the 
end, on no account pick up the female screw in the hand, as this would 
have the effect of leaving water in, but continue to roll the coil over and 
over imtil it passes on top of the female screw, and thus drains the last 
drop of water out Adjust the collar of the leather strap by slipping it 
up to within six or eight inches of the female screw, turning it so as to 
bring the rivet and strap on the outside. Care must be taken to avoid 
bringing the collar too near the end, as in this case the heaving up of 
the strap might damage the shank of the screw, and also to avoid 
leaving it too far from the end, in which case the screw would hang 
loose, and strike a man on the back when throwing the coil quickly 
on his shoulder. Get the strap rove through the centre of the coil, 
and bring the end through the buckle, but leave it perfectly slack, 
and, while it is in this way, lay the coil on the ground and stamp on it 
with the feet until it becomes quite flat Then, with one foot, or both, on 
the coil to steady it, take the female screw in the hand, and pull it once 
or twice sharply in to harden the coil ; after which tighten the strap, first 
hauling in the slack underneath by a pull, which will also adjust the 
collar, and afterwards hauling it through the buckle, and securing it in 
the usual way by means of the tongue. 

In rolling up a coil, tuck in the beckets, so that they may not protrude ; 
and whenever a fold of the hose projects, which is frequently the case, 
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lay the coil down, and stamp on it for a moment to flatten it, after which 
the rolling up may be continued as before. 

When a hose with much water in it has to be made up, it is often con- 
venient first to under-run it to get some of the water out ; this is done 
in the following way : — Raise one end well above the level of the other, 
and walk towards the other end, passing the hose over the hands, and 
'letting it come to the ground after; this will pass almost all the water 
out, and then the rolling up can be done, as already shown, and the 
remaining quantity got rid of in that way. As a general rule, it is a great 
mistake for one man to under-run a hose while another is making it up, 
as the effect is that any remaining water is driven back towards the 
coiled part, and cannot be forced forward, but remains, and is in fact 
rolled up in the coil. 

In very confined places, it is not unusual to roll up a length without 
moving forward, the man drawing the hose towards him as he rolls. 
This makes a very tight coil, but it has the disadvantage of causing un- 
necessary wear to the leather and rivets, and in certain cases it is difficult 
to get rid of the water in this way, as any kink may prevent it going 
forward. 

When the hose is coiled, as a general rule it should not be left lying 
about, but should be stowed at once in the hose-box. This can be done, 
when the pumps are at work, by passing over the stem, and, when the 
pumps are at rest, by first placing the coils on the near-side handles, 
with the top inside resting against the ladder or the hose-box, and the 
bottom clear of the suction-pocket, which should be able to open and 
shut fireely with the hose in this position. 

To Lay out Back and Forward, to Range Down, to Flake 
Down in Loops, or to Pile a Quantity of Hose for 
Hauling Forward or Hoisting Up. 

47 . To lay out hose back andfonvard, — This can be done in either of two 
ways, at the discretion of the officer in charge, who will* be guided 
in his judgment by the nature of the locality and the number of 
men at his disposal. 

When the ground admits of it, the hose may be led first away firom 
where the branch is to be, and then back again, thus causing only one 
bend, and consequently very slight obstruction, but when laid out in 
this way it needs considerable help for hauling it forward, and it 
requires to be attended to by a man at the bend during the operation 
of hauling, as otherwise there would be a sharp kink at this point. 

When there is plenty of help at hand, a good way is to run the hose 
from the engine, or hy- 
drant, close to the door or 
entrance of the building, 
then make a wide turn, 
and go back with it in 
the opposite direction to 
such a distance that, after 
turning round and coming 
to the entrance again, there will be a sufficient length for the required 
purpose. This mode will leave only two turns in the whole line, and 
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consequently the water-way will be very slightly obstructed ; but the two 
turns must be closely watched when the hose is being hauled on, and, 
besides, the great length and distance to which the pipe extends in this 
way cause considerable difficulty in pulling on when full of water. When 
there is plenty of help at hand, either of these is a good way to lay 
out the hose. 

48. To range down a quantity of 
hose, — ^This is done in the same way 
as a cable chain is ranged down for 
letting go. Take up the hose by the 
lugs in the usual way, and make all 
the bends in one direction — that is to 
say, all out from the engine, and none 
backward, and consequently no round 
turns. Make the bends as wide as 
possible, and take care that no part 
overlaps any other part. In this way 
a large quantity of hose may be laid 
down in a very small space, but it is 
not very good for passing water 
through before it is hauled out. 

49. To flake down hose in loops. — Another and better way is to flake it 
down in loops like a figure of 8, with the loops in circles of not less than 





6 or 8 feet in diameter, each turn being in advance of the previous one, 
crossing its own part between the loops, but so arranged as not to catch 
or trip the parts underneath. This is done by making each loop a little 
smaller than the previous one, crossing to the front close by the outside, 
but not going outside in any part. In order to arrange it so as that all 
the turns, when hauled on, shall go clear without being attended to, 
screw on a length of hose to the off-side delivery, and instead of running 
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it out direct from the engine, take the coil up in the hands and walk 
with it about 6 feet from the engine; turn half round to the left, at 
the same time, if necessary, putting one foot on the hose to assist the 
uncoiling, then take two steps forward, and turn gently round to the 
right, uncoiling at the same time. Walk back to the engine, and then 
bear round to the left, forming with the hose a series of flakes, 
resembling a figure of 8, one over the other, and so arranging that the 
hose shall neither kink or foul when suddenly required. 

If the bends or turns of the pipe are made in circles, with a diameter 
of about 6 or 8 feet, the water will pass freely through the pipe, and, 
when it is running, the men can haul away as much hose as they want 
without leaving any one to attend to the clearing of the turns, as every 
pull tends to straighten the bends, and not, as in some of the other 
arrangements, to cause kinks unless cleared by hand. 

This mode has the disadvantage of making several bends in the pipe, 
and consequently obstructing or reducing the water-way ; it is, however, 
that usually adopted as most suitable for our narrow streets, and most 
generally available when we are short-handed ; and the disadvantage of 
the bends is but momentary. 

This arrangement is also available 
for laying out hose for going up 
ladders or on heights. 

50. To file hose. — On the same 
principle hose may be put up in a 
pile, each part being directly over the 
previous one, and all the bends in one 
direction without any round turns. 
Water may be passed through it, and 
it can be hoisted up without being 
attended to, whether the water is run- 
ning or not 

$1, To lay out hose round a corner^ up a staircase^ into a room, or over 
a roof,— In taking hose round comers, over walls, or into any places 
where it has to bend 
much, it is most import- 
ant to make the bends 
as wide as possible ; for 
this reason, when hose 
has to pass up a stair- 
case, it is always well to 
avoid placing it too close 
to the bannisters, and to 
keep it towards that part 
of tJie stairs where it will 
have the widest possible 
bend. Even in going 
through a gateway on the 
ground level, the hose 
should not be placed 
tight against the comer, 
and the same mle applies 
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to hose carried up a staircase, into a room, or over a roof. When it is 
likely to become tight near a bend, it is always necessary to relieve it by 
attaching a line to a convenient becket in a straight part, so as to leave 
no pressure at the bend. 

52. To shoulder host. — Several lengths of hose are first coupled together, 
and one man takes the branch, and putting some of the bose over hia 




shoulder, moves out about 10 or 12 feet Another man, standing nearer 
to the engine, takes the hose at that part over his shoulder, and as much 
as he can cany — generally about a length or a length and a half is flaked 
on him — hanging down in bights before and behind within about a foot 
of the ground ; another man does the same, and so on until the neces- 
sary quantity has been shouldered. The whole then move forward, the 
man nearest the engine throwing off die bights as he proceeds, and when 
he is done, singing out to the next man in front, who then commences 
to throw off, and when done, sings out to the man in front, who does 
the same, until the whole has been run off. 

In practice it is found most convenient to let the leading man cany 
only the branch and 8 or 10 feet of hose. 

This is, on certain occasions — as, for mstance, in large warehouses with 
narrow complicated staircases— a much quicker way of laying out a la^e 
quantity of hose, than running it out in separate lengths, which afterwards 
have to be screwed together ; or than hauling it out and up, in which 
case it becomes obstructed at ^1 comers and turns. It, however, requires 
some judgment to calculate the quantity required, as it may be sometimes 
inconvenient for the man with the branch to reach the required place 
before the whole of the hose has been thrown off. Even in this case, 
however, the difficulty can be got over, as it is generally easy to light 
hose back or downwards. 

53. To get hose in a window, or over a viall, parapet, or other eminence. 
— The necessary number of men mount the height, either by ladders or 
otherwise, taking with them a line, which they will lower down to their 
assistants below, at the same time giving directions as to the becket to 
which thej- wish it to be attached. 

The assistants below will have a sufficient quantity of hose flaked down, 
piled or ranged along, with the branch on, and will make fast the end 
of the line to the proper becket with one round turn and two half hitches. 
They will then t^e a dove hitch over the nozzle, with one turn below 
the boss and the other close to the end, so as to prevent the nozzle 
catching in obstructions or being injured as it goes up. The length of line 
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between the becket and the nozzle is a 
matter entirely for their own judgment and 
discretion at the moment, but it should 
never be less than 5 or 6 feet, or more than 
the length of the hose itself between the 
becket and the nozzle, as in the first in- 
stance it would not allow the men above 
to get their hands on the line between the 
branch and the becket so as to take the 
weight of the hose while casting off the 
hitdi on the nozzle, and in the second in- 
stance, would put the whole weight of the 
hose on the nozzle instead of the becket. 
In most cases, the best way of adjusting 
the line is to leave the part between the 
becket and the nozzle about a foot or 
so shorter than the actual distance be- 
tween them, so that the hose will go up 
without a hanging loop, which would 
be liable to catch in window sills, or 
other obstructions, and moreover to 
throw an undue weight on the men 
above, as it would require them to lift a 
greater quantity before getting hold of the 
branch. 

The man below lighta in the hose, and the men above haul away 
the line, until the branch is close to the top of the wall or other 
over which the hose is to be passed. They then put their hands over, 
and seize the Hne below the branch, taking the whole weight of the hose, 
after which the branch can be released and taken in. They then haul 
on the line until the becket is mthin about a foot or two of the top, and, 
if they have sufficient hose, they make the line fast to a chimney, or 
anything else they can find strong enough to bear the weight of the hose 
when the water is in it 

If they have not enough hose in, they must haul up more, but they must 
on no account leave the line on the same becket, as this would have the 
effect of throwing the whole combined weight of the hose and water on 
that part of the pipe passing over the wall, thus stopping or seriously 
diminishing the water-way, and consequently causing the hose to burst 

The proper way of adjusting the hose is to take the whole weight on 
a becket in a straight part of the pipe, at such a distance from the parapet, 
'or other eminence over which it has to pass, as to leave a free swing for 
a few inches in both directions, and to cause no strain or pressure what- 
ever on the bent part passing over. For this reason, when the men have 
hauled up as much as they want above, they should never make fast by 
a becket inside a room, or on a roof, but should continue to haul imtil 
they can make fast the line to the next becket outside, and then lower 
away again until they have brought the whole weight on that becket, 
leaving none at all on the bent part passing over. In passing a hose 
over a height in this way, care must be taken to keep the rivets on the 
top or outside of the bend, and not to allow the rope or line to pass 
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over the hose m such a way as to cause a pressure on it, which would 
reduce the water-way. 

When the line has been made fast — but not till then — the engine may 
be started. 

54. Tt> lower down hose. — Haul away on the line until the becket to 
which it is attached is close up to the 
parapet ; bring the branch to that spot, 

_ ^ /fr^. i__ : and lower it away steadily mitil it 

'•''-■ -• — IlL'/l -i-i- swings; then let go the line from the 
chimney or other part to which it is 
y-^ secured, and lower away gently until the 
~^ branch and all the couphngs are on the 
ground jafter which the rest of the leather 
pipe and the whole of the line may be 
let go by the run, the men first singing 
out, in the usual way, " Below," to warn 
those underneath. 

In all this movement a man below 
can give considerable assistance, letting 
the water out of the hose, either by 
opening a sluice-cock in the engine or 
by broking a joint in the couplings, 
hauling the hose out and guiding it clear 
of obstructions, letting the men above 
know when all the metal is on the 
ground, and in several other ways. 
55- To turn over and sKure t?u levers, 
and f tact the preventer on the ground. — Go to the off-side of the engine; 
take off the strap from the prong of the preventer, and also the strap 
from the off-side handle, and place them in the suction-pocket nearest 
to them ; then, still standing at the off-side, facing the hose-boT, seize 
the clip of the front folding handle with the right hand, the fillers being 
inside and the thumb out, and with the left hand throw the lever up. 
Then take a step sideways to the right, with the right foot, and throw 
the lever briskly over, taking care, however, not to let it come down 
with such force as to break the hinge of the joint; then bear all the 
weight of the body on it until it is pulled down by the right hand into 
its place. When this has been done, spring sideways to the left, so as 
to gain an upright position, still holding the lever clip with the right 
hand. This movement, if properly made, will have the effect of forcmg 
the clip on to the tapered piece called the T end of the cross lever, and 
so fixing the folding lever in line with the side lever. This, however, 
would hardly be sufficientiy firm for working at fires, and it is therefore 
usual to give the clip a smart tap with a hammer or the end of a hose- 
wrench, for the purpose of hardening it up. Next take the preventer off 
the levers, and lay it fore and aft under the engine ; then place tiie left 
hand on the clip of the hind folding lever, and throw the handle up 
with the right hand ; take a side step to the left, and bringing the weight 
of the body on to the hind folding lever, force it down into its place ; 
then, still holding the clip with the left hand, draw the left foot back ; 
bring the body to an upright position, and so, as before, force the dip cai 
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to the T end of the hind cross lever, and harden it up as aheady ex- 
plained. Then pass round to the near side, take the strap of the near- 
side handles and place it in the suction-pocket Take the front lever 
clip in the left hand, throw the folding handle over with the right, swaying 
the body first to the left and then back to its upright position, still 
retaining hold of the clip with the left hand. Force the clip on as far 
as it will go, and harden up with a tool as before. Then take the hind 
folding lever clip with the right hand, throw the lever handle over with 
the left, swaying the body first to the right, and then back to an upright 
position ; and when the lever has been forced into line, harden up the 
clip as before. 

56. To lock the levers, — Go to the near side of the engine, and put the 
levers straight; take up the lever-stay with the left hand, and force it on to 
the side levers, with one leg above and the other below ; pass up the split 
key between the lever and handle, not between the lever and engine ; 
receive it with the right hand, and force it into the holes in the lugs. 

57. To unlock the levers, — Hold the lever-stay with the left hand, below 
the levers, and withdraw with the right hand the iron pin which keeps it 
in its place. Then pull the lever-stay outwards, until the projecting lugs 
clear the iron of the side lever. When dropping the stay, take care that 
it hangs clear of the lowest point reached by the side levers, as otherwise 
it may prevent the levers travelling their full stroke, or in some cases may 
injure the hands of the men pumping. The engine is then ready for work. 

The unfolding of the handles and unlocking of the levers are almost 
always left to the last, as in small streets it is most difficult to do the 
other necessary work with the levers projecting in both directions ; and 
it is very awkward tiuning over and securing the folding parts after they 
have been unlocked. It is, moreover, somewhat dangerous climbing on 
and jumping off" the engine when the handles are not fixed ; and in the 
midst of an excited crowd, the strangers employed for pumping might 
start the engine before all is ready, and perhaps, by doing so, break the 
legs of the firemen getting the gear out. For these reasons, it is usual 
for the fireman left in charge of the engine to keep the levers locked 
until he receives the order to commence pumping. 

58. 71? fold and strap the levers^ and replace the preventer, — ^Take hold 
of the near-side hind folding lever-clip with the right hand, pull it off 
from the T end of the cross lever, and, holding it still in the right hand, 
turn the folding lever over, assisting it with the left hand ; and place the 
stud of the folding handle in the socket on top of the side handle. 
Then go to the near-side front folding lever, and, pulling off the clip 
with the left hand, turn over the folding lever, assisting it with the right 
hand, and place the stud of the front folding handle in the socket, which 
will then be on the upper side of the hind folding handle. Take the 
lever-strap firom the side-pocket, and strap the levers together, as nearly 
as convenient, in the middle of the overlap, making two round turns, 
and securing the end with the buckle. Pass round the fore part of the 
engine, and, taking up the preventer, place it on the off-side lever-pins, 
between the lever and the handle, with the head forward, the prong 
resting on the joint eye-pin, and the spur inside and downwards. Go to 
the hind folding lever at the same side, and, pulling off the clip with the 
left hand, turn over the folding lever, assisting with the right hand \ and 
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place the stud of the folding handle in the socket on top of the side 
handle. Go to the front folding lever, and, pulling off the clip with the 
right hand, turn over the folding lever, assisting with the left hand, and 
place the stud of the front folding handle in the socket, which will then 
be on the upper side of the hind folding handle. Take the straps from 
the side-pocket, and, with one, secure the lever handles in about the 
middle of the overlap, taking one round turn on the preventer, and two 
rovmd turns on the side and folding handles. Fasten the other strap round 
the fore part of the levers and round the head of the preventer, taking 
several turns, and buckling the whole together tightly to prevent it shifting. 

59. To make out strangers^ list — The fireman who remains in charge 
of the engine should make out what is known as tiie strangers' list, on 
the form supplied for the purpose, taking care that every man's name is 
placed opposite the proper number, so that, in the event of an inquiry 
at any time, the position of each man can be ascertained from the 
working list. The fireman should also take the time of commencing 
and discontinuing work as far as he is able to do so. 

60. To blow out an engine. — ^An engine, after having had water passed 
through it, should invariably be thoroughly dried before being laid by, 
as, even in moderate temperatures, damp very seriously affects the metal, 
and in cases of severe frost makes the valves and other parts rigid, and 
the whole machine consequently useless. 

The simplest way of drying an engine is to " blow it out," which is 
done in the following way. Open the suction-inlet, and close the 
deliveries, except at one point. Place the engine in such a position that 
any water inside will tend towards the open delivery, and put a man 
underneath. The man should hold his hand over die open delivery, 
and the handles should be worked imtil the man feels the compressed 
air so strong as almost to force his hand off. He should then withdraw 
his hand very suddenly, and a portion of the water will be forced out 
with the compressed air. The same operation should be repeated until 
it is observed that no more water is forced out, and that the air is per- 
fectly dry. A few moments are sufficient for this purpose ; but even if a 
longer time were required, the work should on no account be neglected 

In former times, fire-engines were made with leather valves ; and it 
was the custom to leave the works fiiU of water, in order that the valves 
might be kept flexible. This unsatisfactory mode of construction has 
long fallen into disuse, and it might be supposed that the filling of the 
pumps with water would have disappeared with it Such, however, 
strange to say, has not been the case ; on the contrary, engines can be 
found in many important cities of this and other countries in an 
advanced state of inefficiency, or in some cases of positive decay, from 
adherence to the old practice, which, with metal-valved pumps, is 
always useless and injurious, and as already explained, is in case of frost, 
positively dangerous. 

61. To unlock the fore carriage and hook on the sway-bars, — Take hold 
of one of the upper spokes of the near-side fore wheel with the right 
hand, and, moving the wheel slightly so as to loosen the transom plates, 
withdraw the locking-pin with the left hand, and replace it in its socket 
on the front beat block. Swing the fore carriage slighdy round to make 
sure that the plates are free, and hook on the sway-bars. 
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62. Places of men on the engine, — ^When an engine is about to move, 
the men will take the following places, unless tibe senior present shall 
order otherwise : — ^The coachman on the driving-seat, the senior officer 
or fireman standing up on the near side of the coachman, the next senior 
standing up on the off side of the coachman, the third in seniority sitting 
next to the second, the foiuth next to the third, and so on to the last or 
junior, who should be seated next to the senior. The two men standing 
will keep a look-out for the coachman, and will, when necessary, shout, 
to warn persons and vehicles of their approach, and the men sitting will 
keep their weight low down, and as much as possible in the centre of the 
engine. It must be remembered, that it is exceedingly dangerous for 
several men to stand up at the same time when an engine is moving 
rapidly, as they are likely to overbalance it. In either mounting or 
dismounting, the juniors should, in all cases, give precedence to their 
seniors, miless otherwise ordered. 

When it is necessary to carry strangers on an engine — ^as, for instance, 
Police, persons who have brought a call, or others — they should be placed 
in such positions as not to attract attention, and they should be invariably 
seated. In all ordinary cases, it is desirable to avoid carrying on an engine 
persons in light-coloured clothing, or shirt sleeves, or in fact any costume 
which would give the engine the smallest appearance of irregularity. 

As a general rule, no talking is permitted on an engine beyond what 
is absolutely necessary. 
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X Man. — Getting an engine to worky with i length of hose and i length 

of suction-pipe, 
. • When told to "stand by," the Fireman places himself dose to the 
nearside fore wheel. 

"Wlien told to "go on," he proceeds as follows ; not necessarily, how- 
ever, in the order here given, or any other special order, but when 
piactising for the purpose of instruction only, generally following the 
. order here given. 



,Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway- 
bars on the ground . . . 

Mount the engine and open 
the hose-box lid .... 

Take out the dam, hose, &c. . 

Close the lid and get down . 



3 

4 

5 
6 



Place the dam over the plug . 7 
Put on a length of suction-pipe 9 
Put on a length of hose . . .27 
Put on the branch . . . .24 
Turn over and secure the levers, 
and place the preventer on 

the ground 55 

Unlock the levers 57 



Take the dam off and set it up 

If necessary, take two hose-wrenches, and a branch-and-nozzle spanner, 
and harden up all the joints. 

No. 2. 
I Man. — Making up an engine, with i length of hose and i length of 



suction-pipe. 
Take off the branch .... 25 

Lock the levers 56 

Take off the length of hose . 39 
Fold and strap the near-side 

levers 

Get astern of the engine, and 
turn over the hind folding- 
handle of the off-side lever . 
Take off the suction-pipe . . 
Put the suction-pipe in the 
pocket ....... 



S8 



S8 
18 



23 



Replace the preventer, and fold 

and strap the off-side levers . 58 
Make up and replace the dam . 8 
Make up the hose .... 46 
Mount the engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down. . 5 
Unlock the fore-carriage and 
hook on the sway-bars . .61 



No. 3. 

I Man. — Getting an engine to work, with 2 lengths of hose and i length 
of suction-pipe. 

Place the dam over the plug . 7 
Put on a length of suction-pipe 9 
Put on two lengths of hose 27, 28 
Put on the branch . . . .24 
Turn over and secure the levers, 
ajnd place the preventer on 

the ground 55 

Unlock the levers 57 



Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway-bars 
on the ground 2 

Mount the engine, and open the 
hose-box lid 3 

Take out the dam, hose, &c. . 4 

Close the lid and get down . . 5 



Take the dam off and set it up 6 

If necessary, harden up the joints. 
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No. 4. 
I Man. — Making up an engine^ with 2 lengths of hose and i length of 
suction-pipe. 



Take off the branch . . . .25 

Lock the levers 56 

Take off the hose . . 39,41,45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipe . .18 
Put the suction-pipe in the pocket 23 
Replace the preventer and fold 

and strap the off-side levers . 58 

No. 5. 
I Man. — Getting an engine to work, with 3 or more lengths of hose and 
I length of suction-pipe, 

9 



Make up and replace the dam . 8 
Make up the hose .... 46 
Mount the engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . 5 
Unlock the fore-carriage and 

hook on the sway-bars . .61 



Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway- 
bars on the groimd . . . 

Mount the engine and open 
the hose-box lid .... 

Take out the dam, hose, &c. , 

Close the lid and get down . . 

Take the dam off and set it up 



3 

4 

5 
6 



Place the dam over the plug . 

Put on a length of suction-pipe 

Put on the necessary lengths of 
hose 27, 

Put on the branch .... 

Turn over and secure the levers, 
and place the preventer on 
the ground 55 

Unlock the levers 57 



28 
24 



If necessary, harden up the joints. 

No. 6. 
I Man. — Making up an engine, with 3 or more lengths of hose and 1 
length of suction-pipe. 



Take off the branch .... 25 

Lock the levers 56 

Take off the hose . . 39, 41, 45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipe . .18 
Put the suction-pipe in the pocket 23 
Replace the preventer, and fold 

and strap the oflf-side levers . 58 

No. 7. 
I Man. — Getting an engine to work, with 1 length of hose and 2 lengths 
of suction-pipe. 



Make up and replace the dam . 8 
Make up the hose .... 46 
Mount die engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . 5 
Unlock the fore-carriage and 

hook on the sway-bars • .61 



Set into the plug. 
Square and lock the fore-car- 
riage, and place the sway-bars 

on the ground 2 

Mount the engine, and open the 

hose-box lid 3 

Take out the dam, hose, &c. . 4 
Close the lid and get down . . 5 
Take the dam off and set it up 6 



Place the dam over the plug . 

Put on two lengths of suction- 
pipe 9, 

Put on a length of hose . . . 

Put on the branch .... 

Turn over and secure the levers, 
and place the preventer on 
ground 55 

Unlock the levers . . . .57 



ID 

27 
24 



If necessary, harden up the joints. 
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No. 8. 
Man. — Making up an engine^ with i let^h of hose and 2 lengths of 
suction-pipe. 



Take off the branch . . . .25 

Lock the levers 56 

Take off the hose 39 

Fold and strap the near-side 

levers 58 

Take oflf the suction-pipes .18,22 
Put the suction-pipes in the 

pocket 23 



Replace the preventer and fold 

and strap tiie ofF-side levers . 58 
Make up and replace the dam 8 
Make up the hose .... 46 
Mount the engine and open 
the hose-box lid .... 

Stow the gear 

Close the lid and get down . . 



3 

I 

5 



Unlock the fore-carriage and hook on the sway-bars, 61 

No. 9. 
I Man. — Getting an engine to work, with 2 lengths of hose and 2 lengths 
of suctionpipe. 



Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway- 
bars on the ground . . . 

Mount the engine and open 
the horse-box Hd . . . . 

Take out the dam, hose, &c. . 

Close the lid and get down 

Take the dam off and set it up 



3 

4 

5 
6 



Place the dam over the plug . 7 
Put on two lengths of suction- 
pipe 9> 10 

Put on two lengths of hose . 27, 28 
Put on the branch .... 24 
Turn over and secure the levers, 
and place the preventer on 
the ground 55 



Unlock the levers 57 

If necessary, harden up the joints. 

No. 10. 
Man. — Making up an engine, with 2 lengths of hose and 2 lengths of 
suctionpipe. 



Take off the branch .... 25 

Lock the levers 56 

Take off the hose . . 39, 41, 45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipes .18,22 
Put the suction-pipes in the 

pockets 23 



Replace the preventer and fold 

and strap the off-side levers . 58 
Make up and replace the dam . 8 
Make up the hose .... 46 
Moimt the engine and open the 

horse-box lid 3 

Stow the gear i 

Close the lid and get down . 5 



Unlock the fore-carriage and hook on the sway-bars, 61 

No. II. 
Man. — Getting an engine to work, with 3 or more lengths of hose and 
2 lengths of suction-pipe. 



Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway- 
bars on the ground . . . 

Mount the engine and open 
the hose-box lid .... 

Take out the dam, hose, &c. . 

Close the lid and get down . . 

Take the dam oflf and set it up 



3 

4 

5 
6 



Place the dam over the plug . 7 
Put on two lengths of suction- 
pipe 9> 10 

Put on the necessary lengths of 

hose 27, 28 

Put on the branch .... 24 
Turn over and secure the levers, 
and place the preventer on 
the ground 55 



Unlock the levers 57 

If necessary, harden up the joints. 
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No. 12. 

I Man. — Making up an engine^ with 3 or more Uf^ht of hose and 2 

lengths of suction-pipe. 
Take off the branch . . . .25 

Lock the levers 56 

Take off the hose. . 39, 41, 45 
Fold and strap the near-side levers 58 
Take off the suction-pipes . 18, 22 
Put the suction-pipes in the 

pockets 23 

Replace the preventer, and fold 

and strap the off-side levers . 58 

No. 13. 
I Man. — Getting an engine to worky with i length of hose and 3 lengths 
of suction-pipe. 



Make up and replace the dam . 8 
Make up the hose .... 46 
Mount tile engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . 5 
Unlock the fore-carriage and 

hook on the sway-bars . .61 



Set in to the plug. 
Square and lock the fore-car- 
riage and place the sway- 
bars on the ground ... 2 
Mount the engine, and open the 

hose-box Hd 3 

Take out the dam, hose, &c. . 4 
Close the lid and get down . 5 
Take the dam oflf and set it up 6 



Place the dam over the plug . 
Put on three lengths of suction- 

pipe 9, 10, 

Put on one length of hose • . 
Put on the branch .... 
Turn over and secure the levers, 

and place the preventer on 

the groimd 



II 
27 
24 



55 



Unlock the levers 57 

If necessary, harden up the joints. 

No. 14. 

Man. — Making up an engine, with i length of hose and 3 lengths of 
suction-pipe. 



Take off the branch .... 25 

Lock the levers 56 

Take off the hose • • • • 39 
Foldand strap the near-sidelevers 58 
Take off the suction-pipes .18, 22 
Put the suction-pipes in the 

pockets 23 

Replace the preventer, and fold 

and strap the off-side levers . 58 

No. 



Make up and replace the dam . 8 

Make up the hose 46 

Mount the engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . . 5 
Unlock the fore-carriage and 

hook on the sway-bars . .61 
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Man. — Getting an engine to work, with 2 lengths of hose and 3 lengths 
of suction-pipe. 



Set in to the plug. 
Square and lock the fore-car- 
riage, and place the sway-bars 

on the ground 2 

Mount the engine and open 

the hose-box lid .... 3 
Take out the dam, hose, &c. . 4 
Close the lid and get down . 5 
Take off the dam and set it up 6 



Place the dam over the plug . 7 
Put on three lengths of suction- 
pipe 9, ID, II 

Put on two lengths of hose 27, 28 
Put on the branch .... 24 
Turn over and secure the levers, 
and place the preventer on 

the ground 55 

Unlock the levers 57 



If necessary, harden up the joints. 



..■* 
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No. 1 6. 
MAS^-^^JIfaking up an engine^ with 2 lengths of hose and 3 lengths of 
^suction-pipe. 



Take off the branch .... 25 

Lock the lev^ 56 

Take off the hose . 39, 41, 45 
Fcdd and strap the near-side 

levers 58 

Take off the suction-pipes .18, 22 
Put the suction-pipes in the 

pockets 23 



Replace the preventer and fold 

and strap the oflf-side levers . 58 
Make up and replace the dam . 8 
Make up the hose . . . . 46 
Mount the engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . . 5 



Unlock the fore-carriage and hook on the sway-bars, 61 

No. 17. 
Man. — Getting an engine to worky with 3 or more lengths of hose and 
3 lengths of suctionpipe. 



Set in to the plug. 

Square and lock the fore-car- 
riage, and place the sway-bars 
on the ground 2 

Mount the engine and open 
the hose-box lid . . . 

Take out the dam, hose, &c. 

Close the lid and get down 

Take the dam off and set it up 

Place the dam over the plug 



3 

4 

5 
6 

7 



Put on three lengths of suction- 



pipe 



9, 10, II 



24 



Put on three or more lengths 
of hose 27,28 

Put on the branch . . , . 

Turn over and secure the levers, 
and place the preventer on 
the ground 

Unlock the levers . • . . 



55 
57 



If necessary, harden up the joints. 

No. 18. 
Man. — Making up an engine^ with 3 or more lengths of hose and 3 
lengths of sudionpipe. 



Take off the branch . . . .25 

Lock the levers 56 

Take off the hose . . 39, 41, 45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipes . 18, 22 
Put the suction-pipes in the 

pockets 23 



Replace the preventer and fold 

and strap the oflf-side levers. 58 
Make up and replace the dam . 8 
Make up the hose .... 46 
Mount the engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down . 5 



Unlock the fore-carriage and hook on the sway-bars, 61 

No. 19. 
I Man. — Getting an engine to work, with 1 length of hose and 4 lengths 
of suctionpipe. 



Set in to the plug. 
Square and lock the fore-car- 
riage, and place the sway-bars 

on the ground 2 

Mount the engine, and open the 

hose-box lid 3 

Take out the dam, hose, &c. . 4 
Close the lid and get down . 5 
Take the dam off and set it up 6 



Place the dam over the plug . 
Put on four lengths of suction- 



pipe 



9, 10, II, 



12 
27 
24 



Put on one length of hose 

Put on the branch .... 

Turn over and secure the levers, 
and place the preventer on 
the ground 55 

Unlock the levers 57 



If necessary, harden up the joints. 



^ 
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No. 20. 



I Man. — Making up an engine, with 1 length of hose and 4 lengths 
of suction-pipe. 



Take off the branch . . . .25 

Lock the levers 56 

Take off the hose 39 

Fold and strap the near-side 

levers 58 

Take off the suction-pipes . 18, 22 
Put the suction-pipes in the 

pockets 23 



Replace the preventer and fold 

and strap die off-side levers . 58 

Make up and replace the dam . 8 

Make up the hose .... 46 

Mount the engine and open 

the hose-box lid .... 3 

Stow the gear i 

Close the lid and get down . 5 



Unlock the fore-carriage and hook on the sway-bars 61 

No. 21. 
I Man. — Getting an engine to work, with 2 lengths of hose and 4 
lengths of suction-pipe. 



Set in to the plug. 

Square and lock the fore-car- 
riage and place the sway- 
bars on the ground . . . 

Mount the engine and open 
the hose-box lid .... 

Take out the dam, hose, &c. . 

Close the lid and get down 

Take the dam off and set it up 



3 
4 

5 
6 



Place the dam over the plug . 7 
Put on four lengths of suction- 
pipe .... 9, 10, II, 12 
Put on two lengths of hose 27, 28 
Put on the branch .... 24 
Turn over and secure the levers, 
and place the preventer on 

the ground 55 

Unlock the levers . . . .57 



If necessary, harden up the joints. 

No. 22. 
I Man. — Making up an engine, with 2 lengths of hose and 4 lengths of 
suction-pipe. 



Take off the branch . • . .25 

Lock the levers 56 

Take off the hose . 39, 41, 45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipes . 18, 22 
Put the suction-pipes in the 

pockets 23 



Replace the preventer and fold 

and strap the off-side levers . 58 

Make up and replace the dam . 8 

Make up the hose .... 46 
Mount die engine and open the 

hose-box lid 3 

Stow the gear i 

Close the lid and get down • 5 



Unlock the fore-carriage and hook on the sway-bars 61 

No. 23. 
I Man. — Getting an engine to work, with 3 or more lengths of hose and 
4 lengths of suction-pipe. 



Set in to the plug. 
Square and lock the fore-car- 
riage, and place the sway-bars 

on the ground 2 

Mount the engine, and open the 

hose-box lid 3 

Take out the dam, hose, &c. . 4 
Close the lid and get down . 5 
Take the dam off, and set it up 6 



Place the dam over the plug . 7 

If necessary, harden up the joints. 



Put on four lengths of suction- 
pipe .... 9, 10, II, 12 

Put on three or more lengths of 
hose 27, 28 

Put on the branch .... 24 

Turn over and secure the levers, 
and place the preventer on 
the ground 55 

Unlock* the levers 57 
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No. 24. 
I Man. — Making up an engine^ with 3 or more lengths of hose and 4 
lengths of suction-pipe. 



Make up and replace the dam 8 
Make up the hose .... 46 
Mount the engine, and open 

the hose-box lid .... 

Stow the gear 

Close the lid and get down 
Unlock the fore-carriage and 

hook on the sway-bars . . 



3 
I 

5 



61 



Take off the branch .... 25 

Lock the levers 56 

Take off the hose . 39, 41, 45 
Fold and strap the near-side 

levers 58 

Take off the suction-pipes 18, 22 
Put the suction-pipes in the 

pockets 23 

Replace the preventer, and fold 

and strap the off-side levers . 58 

No. 25. 
2 Men. — Getting an engine to worky with i let^h of hose and i length 
of suction-pipe. 
For tiie purpose of instruction, the men are designated No. i and 
No. 2. 
At the order to " stand by," the men place themselves on the engine, 62. 
At the order to "go on," they jump down and set the engine in over 
the plug. 






No. 2 takes out the dam, hose, 
&c ...... 

closes the lid and gets 
down .• 

puts on the suction-pipe 

turns over and secures the 
levers, and places the 
preventerontheground 55 

unlocks the levers • .57 






5 
9 



» 



No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 

sets up the dam, and 
places it over the plug 6, 7 

puts on the hose ... 27 

puts on the branch, and 
takes charge of it . .24 
No. 2 mounts the engine, and 

opens the hose-box lid 3 

If necessary, harden up the joints. 

No. 26. 
2 Men. — Making up an engine^ with i length of hose and i length of 
suction-pipe. 
At the order "knock off and .make up," No. i gives the word to 
stop the delivery as " Avast No. 5 " engine. 

No. I takes off the branch . . 25 No. 2 takes off the suction-pipe 18 

makes up the hose . . 46 

makes up and replaces 
the dam 8 

unlocks the fore- carriage, 
and hooks on the sway- 
bars 

No. 2 locks the levers • . . 

takes off the hose . . 

folds and straps the near- 
side levers .... 






M 
»> 



61 
56 

39 



58 



» 



» 






puts the suction-pipe in 
the pocket .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine, and 
opens the hose-box lid 

stows the gear .... 

closes the lid and gets 
down 



23 



58 

3 
I 



Both men drag the engine away from the plug. 



-fi^ ^ 
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No. 27. 
2 Men. — Getting an engine to work, with 2 lengths of hose and i length 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore -carriage, 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 

plug 7 

puts on two lengths of 

hose .... 27, 28 
puts on the branch . . 24 



99 

>9 



2 
6 



» 



w 



» 



n 



No. 2 mounts the engine, and 

opens the hose-box lid 3 

takes out the dam, hose, &c. 4 

closes the lid and gets 
down 5 

puts on one length of 
suction-pipe ... 9 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

unlocks the levers . .57 

If necessary, harden up the joints. 

No. 28. 
Men. — Making up an engine, with 2 lengths of hose and i length of 
suction-pipe. 

No. 2 takes oflf the suction-pipe 18 
puts the suction-pipe in 

23 



99 



99 



No. I gives the word to stop 
pumping. 

takes off the branch . . 

makes up the hose . . 

makes up the dam and 
replaces it ... . 

unlocks the fore-carriage, 
and hooks on the sway- 
bars 

No. 2 locks the levers . . . 

takes off the hose, 39, 41, 45 

folds and straps the near- 
side levers .... 



» 



» 



» 



99 



25 
46 

8 



61 
56 



» 



» 



99 



99 



99 



99 



the pocket 

replaces the preventer, 
and folds and straps 
the oflf-side levers . . 58 

mounts the engine, and 
opens the hose-box 
lid 3 

stows the gear . . . . i 

closes the lid, and gets 
down 5 



58 . 

Both men drag the engine away from the plug. 

No. 29. 

2 Men. — Getting an engine to work, with 3 or more lengths of hose and 
I length of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the second and 

third lengths of hose . 28 
puts on the branch . .24 
No. 2 mounts the engine and 

opens the hose-box lid 3 



99 
99 

99 

99 



No. 2 takes out the dam, hose, 

&c. ...... 4 

closes the lid and gets 
down 5 

puts on one length of 
suction-pipe ... 9 

puts on the first length 
of hose 27 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

imlocks the levers . .57 



99 



99 



99 



99 



99 



If necessary, harden up the joints. 
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No. 30. 

2 Men. — Making up an engine^ with 3 or more lengths of hose arul 
I length of suction-pipe. 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the second and 

third lengths of hose . 46 
makes up and replaces 

the dam 8 

imlocks the fore-carriage 
and hooks on the sway- 
bars .61 

No. 2 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers . . . .58 






99 



99 



» 



» 



» 



» 



No. 2 takes off the suction- 
pipe 18 

puts the suction-pipe in 
the pocket . . . .23 

replaces the preventer, 
and folds and straps 
the off-side. levers . .58 

makes up the first length 
of hose 46 

mounts the engine and 
opens the hose-box lid 3 

stows the gear • . . i 

closes the lid and gets 
down K 



» 



» 



99 



>> 



Both the men drag the engine away from the plug. 

No. 31. 
2 Men. — Getting an engine to work, with i length of hose and 2 lengths 
of suction-pipe. 



Places of men on the engine . 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 

plug 

puts on one length of 

hose 

puts on the branch . . 



62 



99 



99 



2 
6 



99 



27 
24 



No. 2 mounts the engine and 

opens the hose-box lid 3 

takes out the dam, hose, &c. 4 

closes the lid and gets 
down 5 

puts on two lengths of 
suction-pipe. . . 9, 10 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 



» 



>> 



» 



» 



99 



unlocks the levers . .57 
If necessary, harden up the joints. 

No. 32. 

Men. — Making up an engine, with i len^h of hose and 2 lengths of 
suctionpipe. 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
makes up and replaces 

the dam 8 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 
takes off the hose . .39 
folds and straps the near- 



99 



99 



99 



99 



»9 



7i 



No. 2 



99 



99 



99 



9i 



99 



takes off the suction- 
pipes 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear . . . 

closes the lid and gets 
down 



23 



58 

3 

I 



side levers . . . .58 
Both the men drag the engine away from the plug. 
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No. 33. 
2 Men. — Getting an engine to worky with 2 lengths of hose and 
lengths of suction-pipe. 



Places of men on the engine 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 

plug 

puts on the hose . 27, 
puts on the branch . . 
No. 2 mounts the engine and 

opens the hose-box lid 



62 



» 



j> 



j» 



jj 



2 
6 

7 
28 

24 



No. 2 takes out the dam, hose, 
&c 

closes the lid and gets 
down ...... 

puts on the suction- 
pipes 9, 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

Unlocks the levers . .57 



»> 



» 



99 



10 



» 



If necessary, harden up the joints. 

No. 34. 
2 Men. — Making up an engine^ with 2 lengths of hose and 2 ler^hs 
of suction-pipe. 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
makes up and replaces 

the dam 8 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 



ly 



99 



99 



99 



99 



99 



99 



9< 



No. 2 takes off the suction- 
pipes .... 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

moimts the engine and 
opens the hose-box lid 

stows the gear . . . 

doses the lid and gets 
down 



99 



99 



99 



23 



5S 

3 

I 



side levers . . . .58 
Both the men drag the engine away from the plug. 



2 Men. — Getting an engine to 
2 lengths of suction-pipe. 
Places of men on the engine . 
Set into the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 

plug 

puts on the hose . . 27, 
puts on the branch . . 
No. 2 mounts the engine and 
opens the hose-box lid 

If necessary, 



No. 35. 

worky with 3 or more lengths of hose and 



62 



99 
99 



99 



99 



2 
6 

7 
28 

24 



No. 2 takes out the dam, hose, 

&c 4 

closes the lid and gets 
down ...... 5 

puts on the suction- 
pipes^ 99 10 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

unlocks the levers • .57 



99 



99 



99 



99 



harden up the joints. 
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No. 36. 
2 Men. — Making up an engine^ with 3 or more lengths of hose and 2 



lengths of suction-pipe. 
No. I gives the word to stop pumping. 



99 


takes off the branch . . 


2,') 


» 


makes up the hose . . 


46 


w 


makes up and replaces 






the dam 


8 


99 


unlocks the fore-carriage 
and hooks on the sway- 






bars 


61 


No. 


2 locks the levers . . . 


56 


99 


takes off the hose 39, 41, 


45 


99 


folds and straps the near- 






side levers . . • . 


58 



99 



99 



I 



No. 2 takes off the suction- 
pipes .... 18, 22 

puts the suction-pipes in 
the pockets . . . 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear .... 

closes the lid and gets 
down 



99 



99 



99 



23 



58 

3 

I 



Both men drag the engine away from the plug. 

No. 37. 
2 Men. — Getting an engine to work, with i length of hose and 3 
lengths of suction-pipe. 



99 
99 



99 



99 



2 
6 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 
plug ...... 7 

puts on the third length 

of suction-pipe 9, 10, 11 
puts on the hose . 
puts on the branch 



27 
24 



99 



99 



99 



No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose, &c. 4 
closesthelidandgetsdown 5 
puts on the first and 
second lengths of suc- 
tion-pipe . . 9, 10, II 
turns over and secures 
the levers, and places 
the preventer on the 

ground 55 

imlocks the levers . .57 



99 



If necessary, harden up the joints. 

No. 38. 
Men. — Making up an engine^ with i length of hose and 3 lengths of 
suction-pipe. 



No. I gives the word to stop 
pumping. 

takes off the branch . .25 

makes up the hose . . 46 

takes off the third length 
of suction-pipe . . 18, 22 

puts the suction-pipe in 
the pocket .... 23 

makes up and replaces 
the dam 8 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . ,56 

takes off the hose . .39 



99 
99 



99 



99 



>9 



99 



99 



99 



No. 2 folds and straps the near- 
side levers . . . .58 

takes off the first and 
second lengths of suc- 
tion-pipe . . . 18, 22 

puts the suction-pipes in 
the pocket . . . . 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear . . . 

closes the lid and gets 
down 



99 



99 



99 



99 



99 



23 



58 

3 

I 



Both men drag the engine away firom the plu^. 
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2 Men. — Getting an engine to 

lengths of sudion-pipe. 
Places of men on the engine . 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
„ sets up the dam . . . 
„ places the dam over the 

plug 

„ puts on two lengths of 

hose .... 27, 
„ puts on the branch . . 

If necessary, 



No. 39. 
work^ with 2 lengths of hose and 3 

62 No. 2 moimts the engine and 

opens the hose-box lid 3 

takes out the dam, hose, &c 4 

closes the lid and gets 
down 5 

puts on three lengths of 
suction-pipe. . 9, 10, 11 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

imlocks the levers . .57 
harden up the joints. 



2 
6 



28 
24 






99 



» 



» 



No. 40. 
2 Men. — Making up an engine^ with 2 lengths of hose and 3 lengths of 
suction-pipe. 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
makes up and replaces 

the dam 8 

imlocks the fore-carriage 
and hooks*on the sway- 
bars 61 

No. 2 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 






» 



» 



>> 



» 



No. 2 takes off the suction- 
pipes .... 18, 22 
puts the suction-pipes in 

the pockets .... 23 
replaces the preventer 
and folds and straps 
the oflf-side levers . .58 
mounts the engine and 

opens the hose-box lid 3 
stows the gear . . . i 
closes the lid and gets. 

down 5 

side levers . . . .58 

Both men drag the engine away from the plug. 

No. 41. 
2 Men. — Getting an engine to work, with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



j> 



» 



» 



» 



» 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore -carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the hose . 27, 28 
puts on the branch . .24 
No. 2 mounts the engine, and 



9) 



» 



» 



»> 



s 



opens the hose-box lid 3 

If necessary, harden up the joints. 



No. 2 takes out the dam, hose, 
&c 

closes the lid and gets 
down 

puts on the suction- 
pipes . . . • 9, 10. 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

imlocks the levers . .57 



» 



» 



» 



II 
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No. 42. 
2 Men. — Making up an engine^ with 3 or more lengths of hose and 3 
lengths of suction-pipe. 



No. I gives the word to stop pumping. 



» 



>j 



» 



» 



takes off the branch 
makes up the hose . . 
makes up and replaces 

the dam 

imlocks the fore-carriage 
and hooks on the sway- 
bars 

No. 2 locks the levers . . . 

takes off the hose, 39, 41, 45 
folds and straps the near- 
side levers . . . .58 



25 
46 

8 



61 
56 



» 



» 



w 



99 



No. 2 takes off the suction- 
pipes 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear .... 

closes the lid and gets 
down 



» 



» 



w 



23 



58 

3 

I 



Both men drag the engine away from the plug. 

No. 43. 
2 Men. — Getting an engine to work, with i length of hose and 4 lengths 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the fourth length 

of suction-pipe . . .12 
puts on the hose . . .27 
puts on the branch . .24 



» 



9> 



» 



» 



» 



>9 



» 



No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
puts on the first, second, 
and third lengths of 
suction-pipe . . 9 
turns over and 'secures 
the levers, and places 
the preventer on the 

ground 

unlocks the levers . . 



10, II 



» 



» 



55 
57 



If necessary, harden up the joints. 

No. 44. 
Men. — Making up an engine, with i lej^h of hose and 4 lengths of 
suction-pipe. 



No. I gives the word to stop 
pumping. 

takes off the branch . .25 

makes up the hose . . 46 

takes off the foxuth length 
of suction-pipe . . 18, 22 

puts the suction-pipe in 
the pocket .... 23 

makes up and replaces 
the dam ..... 8 

imlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 

takes off the hose . . .39 



9i 



99 



» 



» 



99 



99 



99 



99 



No. 2 folds and straps the near- 
side levers . . . .58 

takes off the first, second, 
and third lengths of 
suction-pipe . . . 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear .... 

closes the lid and gets 
down 



99 



99 



99 



99 
99 



23 



58 

3 

I 



Both men drag the engine away from the plu^. 
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62 



No. 45. 

2 Men. — Getting an engine to worky with 2 lengths of hose and 4 lengths 
of suction-pipe. 

No. I puts on the branch . . 24 
No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose, &C. 4 
closes the lid and gets down 5 
puts on the first, second 
and third lengths of 
suction-pipe. . 9, 10, 11 
turns over and secures 
the levers, and places 
the preventer on the 

ground 55 

unlocks the levers . .57 



99 



99 



» 



2 
6 



w 



» 



» 



Places of men on the engine . 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 
sets up the dam . . . 
places the dam over the 

plug 

puts on the fourth length 

of suction-pipe . . . 
puts on the first and 

second lengths of hose 

27, 28 

If necessax}', harden up the joints. 

No. 46. 
2 Men. — Making up an engine^ with 2 lengths of hose and 4 lengths of 
suction-pipe. 



12 



99 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
takes off the fourth length 

of suction-pipe. . 18, 22 
puts the suction-pipe in 

the pocket .... 23 
makes up and replaces 

the dam 8 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 
„ takes off the hose, 39, 41, 45 



» 



» 



» 



No. 2 folds and straps the near- 
side levers . . . .58 

takes off the first, second, 
and third lengths of 
suction-pipe . . . 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine and 
opens the hose-box lid 

stows the gear .... 

closes the lid, and gets 
down 5 

Both men drag the engine away from the plug. 

No. 47. 
2 Men. — Getting an engine to work, with 3 or more lengths of hose and 
4 lengths of suction-pipe. 



99 



» 



» 



» 



w 



» 



» 



99 
99 



23 



58 

3 

I 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 
plug ...... 7 

puts on three lengths of 

hose 27, 28 

„ puts on the branch . . 24 



99 
99 



99 



No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
puts on four lengths of 

suction-pipe 9, 10, 11, 12 
turns over and secures 
the levers and places 
the preventer on the 

ground 55 

unlocks the levers • ,57 



99 



99 

99 



99 



99 



If necessary, harden up the joints. 
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No. 48. 
2 Men. — Making up an engine^ with 3 or more lengths of hose and 4 
lengths of suction-pipe. 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
makes up and replaces 

the dam 8 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers ... 56 
takes off the hose 39, 41, 45 
folds and straps the near- 



99 

9f 
99 



99 



99 



99 



No. 2 takes off the suction- 
pipes .... 18, 22 

puts the suction-pipes in 
the pockets .... 23 

replaces the preventer 
and folds and straps 
the oflf-side levers . .58 

mounts the engine and 
opens the hose-box lid 3 

stows the gear . . . . i 

closes the lid and gets 
down 5 



99 



side levers . . . . 58 . 

Both men drag the engine away from the plug. 

No. 49. 
3 Men. — Getting an engine to work, with i length of hose and i length of 
suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places 
the sway-bars on the 

ground 2 

„ puts on the length of 

hose 27 

„ puts on the branch . . 24 
No. 2 sets up the dam ... 6 
„ places the dam over the 

plug 7 



No. 2 puts on the suction-pipe 
No. 3 mounts the engine and 
opens the hose-box lid 
takes out the dam, hose, 

closes the lid and gets 
down 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

imlocks the levers . .57 



99 



» 



99 



9 
3 

4 
5 



99 



If necessary, harden up the joints. 

No. 50. 
3 Men. — Making up an engine, with i length of hose and i length of 
suction-pipe. 



No. I gives the word to stop 
pimiping. 
„ takes off the branch . .25 
„ makes up the hose . . 46 
„ imlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes ofif the suction- 
pipe 18 

„ puts the suction-pipe in 

the pocket .... 23 
„ makes up and replaces 



99 
99 

99 



No. 3 locks the levers ... 56 
takes off the hose . .39 
folds and straps the near- 
side levers . . . .58 
replaces the preventer, 
and folds and straps 
the oflf-side levers . . 58 
mounts the engine and 

opens the hose-box lid 3 

stows the gear . . . . i 

closes the lid and gets 

down 5 



99 

99 
99 



the dam 8 

All the men drag the engine away from the plug. 
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No. 45. 
2 Men. — Getting an engine to work, with 2 lengths of hose and 4 lengths 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the fourth length 

of suction-pipe . . .12 
puts on the first and 
second lengths of hose 

27, 28 






w 



99 






99 



No. I puts on the branch . . 24 
No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose, &c 4 
closes the Hd and gets down 5 
puts on the first, second 
and third lengths of 
suction-pipe. . 9, 10, 11 
turns over and secures 
the levers, and places 
the preventer on the 

ground 55 

unlocks the levers . .57 



99 



99 



If necessax}', harden up the joints. 

No. 46. 
Men. — Making up an engine, with 2 lengths of hose and 4 lengths of 
suction-pipe. 

No. 2 folds and straps the near- 
side levers . . . .58 



No. I gives the word to stop 
pumping, 
takes off the branch . .25 
makes up the hose . . 46 
takes off the fourth length 

of suction-pipe. . 18, 22 
puts the suction-pipe in 

the pocket .... 23 
makes up and replaces 

the dam 8 

imlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 
„ takes off the hose, 39, 41, 45 



99 



99 



99 



99 



99 



99 



99 



99 



99 



takes off the first, second, 
and third lengths of 
suction-pipe . . . 18, 22 

puts the suction-pipes in 
the pockets .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

moimts the engine and 
opens the hose-box lid 

stows the gear .... 

closes the lid, and gets 
down 5 

Both men drag the engine away from the plug. 

No. 47. 
2 Men. — Getting an engine to work, with 3 or more lengths of hose and 
4 lengths of suction-pipe. 



99 



99 



99 



23 



58 

3 

I 



Places of men on the engine . 62 
Set in to the plug. 
No. I locks the fore-carriage 
and places the sway- 
bars on the ground . 2 
sets up the dam ... 6 
places the dam over the 
plug ...... 7 

puts on three lengths of 

hose 27, 28 

„ puts on the branch . . 24 



99 



99 



99 



No. 2 mounts the engine and 

opens the hose-box lid 3 
takes out the dam, hose,&c. 4 
closes the lid and getsdown 5 
puts on four lengths of 

suction-pipe 9, 10, 11, 12 
turns over and secures 
the levers and places 
the preventer on the 

ground 55 

unlocks the levers • . 57 



99 



99 
99 



99 



If necessary, harden up the joints. 
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No. 48. 
2 Men. — Making up an engine^ with 3 or more lengths of hose and 4 
lengths of suction-pipe. 



n 



» 



» 



» 



35 
46 

8 



No. I gives the word to stop 
pumping. 

takes off tilie branch • . 

makes up the hose . . 

makes up and replaces 
the dam 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 locks the levers . . .56 

takes off the hose 39, 41, 45 

folds and straps the near- 



99 



w 



No. 2 takes off the suction- 
pipes .... 18, 22 

puts the suction-pipes in 
the pockets .... 23 

replaces the preventer 
and folds and straps 
the off-side levers . .58 

mounts the engine and 
opens the hose-box lid 

stows the gear . 

closes the lid and gets 

down 

side levers . . . .58 

Both men drag the engine away from the plug. 

No. 49. 
3 Men. — Getting an engine to work, with i length of hose and 1 length of 
suction-pipe. 



» 



99 



M 



99 



3 

I 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks thefore- 
carriage, and places 
the sway-bars on the 

ground 2 

puts on the length of 

hose 27 

puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the 
plug 7 



99 



99 



99 



No, 2 puts on the suction-pipe 
No. 3 moimts the engine and 
opens the hose-box lid 

takes out the dam, hose, 

&c 

closes the lid and gets 
down 

turns over and secures 
the levers, and places 
the preventer on the 
ground 

imlocks the levers . . 



99 



99 



99 



99 



55 

57 



If necessary, harden up the joints. 

No. 50. 
3 Men. — Making up an engine, with i length of hose and i length qf 
suction-pipe. 



99 
99 
99 



No. I gives the word to stop 
pumping, 
takes oflf the branch . . 25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the suction- 
pipe 18 

puts the suction-pipe in 

the pocket .... 23 
makes up and replaces 



99 



»» 



99 
99 

99 



No. 3 locks the levers ... 56 
takes off the hose . .39 
folds and straps the near- 
side levers .... 
replaces the preventer, 
and folds and straps 
the off-side levers . . 
mounts the engine and 
opens the hose-box lid 
stows the gear .... 
closes the lid and gets 
down 



99 



99 



99 



58 



58 

3 

I 



the dam 8 

All the men drag the engine away from the plug. 
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No. 51. 
3 Men. — Getting an engine to work^ with 2 lengths of hose and i length 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places 
the sway-bar on the 

ground 2 

puts on the hose . . 27, 28 
puts on the branch . . 
No. 2 sets up the dam . . . 
places the dam over the 
plug ...... 7 

puts on the suction pipe 9 



w 



» 



» 



24 

6 



No. 3 mounts the engine and 
opens the hose-box lid 

takes out the dam, hose, 
&C. ...... 

closes the lid and gets 
down 

turns over and secures 
the levers, and places 
the preventer on the 
ground 

unlocks the levers . . 



» 



» 



» 



» 



55 
57 



If necessary, harden up the joints. 



No. 52. • 

3 Men. — Making up an engine^ with 2 lengths of hose and 1 

suction-pipe. 
No. 1 gives the word to stop 
pumping, 
takes off the branch . . 
makes up the hose . . 
unlocks the fore-carriage 
and hooks on the sway- 
bars ...... 

No. 2 takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket . . . .23 

makes up and replaces 
the dam 8 



» 



» 



» 



25 
46 



61 



» 



»> 



length of 

No. 3 locks the levers ... 56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers .... 
replaces the preventer, 
and folds and straps 
the oflf-side levers . . 
mounts the engine and 
opens the hose-box lid 
stows the gear . . . 
closes the lid and gets 
down 



» 



» 



>» 



V 



» 



» 



58 



58 

3 

I 



All the men drag the engine away from the plug. 

No. 53. 
3 Men. — Getting an engine to work, with 3 or more lengths of hose and i 
length of suction-pipe. 

No. 2 puts on the first length 

of hose 27 

No. 3 mounts the engine, and 

opens the hose-box lid 3 
takes out the dam, hose, 

&c 4 

closes the lid and gets 

down 5 

turns over and secures 
the levers, and places 
the preventer on the 

ground 55 

unlocks the levers . .57 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the 
fore -carriage, and 
places the sway-bars 
on the ground ... 2 
puts on the second and 

third lengthsof hose, 27, 28 
puts on the branch . . 
No. 2 sets up the dam . . . 
places the dam over the 
plug . . . . . . 

puts on the suction-pipe 



» 



» 



» 



99 



24 
6 

7 
9 



» 



» 



» 



» 



If necessary, harden up the joints. 



ENGINE DRILL. 



189 



No. 54. 
3 Men. — Making up an engine^ with 3 or more lengths of hose and i 
length of suction-pipe. 



99 



99 



» 



yy 



99 



No. I gives the word to stop 
pumping, 
takes off the branch, &c. 25 
makes up the second and 

third lengths of hose . 46 
unlocks the fore-carriage, 
and hooks on the sway- 
bars 61 

No. 2 makes up the first length 

of hose 46 

takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket .... 23 

down 

All the men drag the engine away from the plug. 

No. 55. 
3 Men. — Getting an engine to work^ with i length of hose and 2 lengths 
of suction-pipe. 



99 



99 



No. 2 makes up and replaces 

the dam 8 

No. 3 locks the levers . . .56 

takes off the hose, 39, 41, 45 

folds and straps the near- 
side levers .... 

replaces the preventer, 
and folds and straps 
the off-side levers . . 

mounts the engine, and 
opens the hose-box lid 

stows the gear .... 

closes the lid and gets 



99 



99 



58 



58 

3 

I 



99 



99 



» 



99 
99 



99 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the 
fore - carriage, and 
places the sway-bars 
on the ground ... 2 
puts on the length of hose 27 
puts on the branch . . 24 
No. 2 sets up the dam ... 6 
„ places the dam over the 

plug r 7 

If necessary, harden up the joints. 

No. 56. 
3 Men. — Making up an engine^ with i length of hose and 2 lengths of 
suctionpipe, 

' 56 

39 



No. 2 puts on two lengths of 

suction-pipe . . . 9, 10 
No. 3 mounts the engine, and 

opens the hose-box lid 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures 
the levers, and places 
the preventer on the 

ground 55 

unlocks the levers . .57 



» 



No. 


I gives the word to stop 
pumping. 




99 


takes off the branch . . 


25 


99 


makes up the hose . . 


46 


99 


unlocks the fore-carriage 
and hooks on the sway- 






bars 


61 


No. 


2 takes off the suction- 






pipes 18, 


22 


99 


puts the suction-pipes in 






the pocket .... 


23 


9> 


makes up and replaces 






the dam 


8 



99 
99 



No. 3 locks the levers . . . 

takes off the hose . . . 

folds and straps the near- 
side levers, replaces 
the preventer, and 
folds and straps the 
oft-side levers . . . 

mounts the engine and 
opens the hose -box 
lid 

stows the gear .... 

closes the lid and gets 
down 



99 



99 



99 



58 



3 

I 



All the men drag the engine away from the plug. 
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No. 57. 
3 Men. — Getting an engine to work, with 2 lengths of hose and 2 lengths 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the 
fore -carriage, and 
places the sway-bars 
on the ground ... 2 
puts on the hose . . 27, 28 
puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the 
plug 7 






» 



10 



No. 2 puts on the suction- 
pipes ..... 9. 
No. 3 mounts the engine, and 

opens the hose-box lid 3 

takes out the dam, hose, &c. 4 

closes the lid and gets down 5 

turns over and secures 

the levers, and places 

the preventer on the 

ground 55 

unlocks the levers . .57 






99 



}9 



If necessary, harden up the joints. 
No. 58. 






99 



3 Men. — Making up an engine, with 

suction-pipe. 
No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the suction- 
pipes 18, 22 

puts the suction-pipes in 

the pockets .... 23 
makes up and replaces 
the dam 8 



»> 



>> 



2 lengths of hose and 2 lengths of 

No. 3 locks the levers ... 56 
„ takes off all the hose 

39, 41, 45 
y, folds and straps the near- 
side levers, replaces 
the preventer, and 
folds and straps the 
off-side levers ... 58 
„ mounts the engine and 

opens the hose-box lid 3 
stows the gear . . . i 
closes thelidandgets down 5 






All the men drag the engine away from the plug. 

No. 59. 
3 Men. — Getting an engine to work, with 3 or more lengths of hose and 
2 lengths of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the 

ground 2 

puts on the second and 

third lengths of hose 27, 28 
puts on the branch . .24 
No. 2 sets up the dam ... 6 
y, places the dam over the 

plug 7 

„ puts on two lengths of 



w 



j» 



suction-pipe . . . 9, to 

If necessary, harden up the joints. 



• No. 3 mounts the engine and 

opens the hose-box lid 3 

takes out the dam, hose, 
&c 4 

closes the lid and gets 
down 5 

puts on the first length 
of hose 27 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

unlocks the levers . . 57 



» 



» 



J, 



>, 



» 
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No. 60. 
3 Men. — Making up an engine^ with 3 or more lengths of hose and 2 
lengths of suction-pipe. 



99 
99 



99 



>9 
99 



58 



No. I gives the word to stop pumping. 

takes off the branch . .25 

makes up the second and 
third lengths of hose . 46 

imlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the suction- 
pipes 18, 22 

puts the suction-pipes in 
the pockets .... 23 

makes up and replaces 
the dam 8 

All the men drag the engine away from the plug. 

No. 61. 
3 Men. — Getting an engine to work, with i length of hose and 3 lengths 
of suction-pipe. 



99 



99 



No. 3 locks the levers ... 56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces 
the preventer, and 
folds and straps the 
off-side levers . . . 
makes up the first length 

of hose 46 

mounts the engine and 

opens the hose-box lid 3 
stows the gear . . . . i 
closesthelidandgetsdown 5 



99 



99 



99 



99 



99 



99 



99 



99 



» 



a 



99 



4 
5 

II 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the length of hose 27 
puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the first and second 
lengths of suction-pipe 9, 10 

If necessary, harden up the joints. 

No. 62. 
3 Men. — Making up an engine, with i length of hose, and 3 lengths of 
suction-pipe. 



No. 3 mounts the engine and 
opens the hose-box lid 

takes out the dam, hose, 
&c 

closes the lid and gets down 

puts on the third length 
of suction-pipe , . . 

turns over and secures 
the levers, and places 
the preventer on the 
ground 55 

imlocks the levers . .57 



99 



No. I gives the word to stop pumping. 



99 


takes off the branch . . 


25 


99 


makes up the hose . . 


46 


99 


imlocks the fore-carriage 
a.nd hooks on the sway- 






bars 


61 


No. 


2 takes off the first and se- 
cond lengths of suction- 






pipe .... 18, 


22 


99 


puts the suction-pipes in 






the pockets .... 


23 


99 


makes up and replaces 






the dam 


8 


No. 


3 locks the levers . . . 


56 



No. 3 takes off the hose. . .39 

folds and straps the near- 
side levers . , . .58 

takes off the third length 
of suction-pipe . .18,22 

puts the suction-pipe in 
the pocket .... 

replaces the preventer and 
folds and straps the off- 
side levers .... 

mounts the engine and 
opens the hose-box lid 

stows the gear . , , . 

closes the lid and gets down 



99 



99 



99 



» 



99 



99 



23 



58 



I 



99 



All the men drag the engine away from the plM'g,. 
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No. 63. 
3 Men. — Getting an engine to work^ with 2 lengths of hose and 3 length of 
suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the first and se- 
cond lengths of hose 27, 28 
puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the plug 7 
puts on the first and second 
lengths of suction-pipe 9, 10 

No. 



» 



w 






No. 3 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &C, 4 
closes the lid andgets down 5 
puts on the third length 
of suction-pipe . . .11 
turns over and secures the 
levers and places the 
preventer on the groimd 55 
unlocks the levers . . .57 



» 



» 



» 



>^ 



» 



If necessary, harden up the joints. 
64. 



3 Men. — Making up an engine^ with 2 lengths of hose and 3 lengths of 
suction-pipe. 



iy 



» 



» 



» 



>> 



» 



>> 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes oflf the first and se- 
cond lengths of suction- 
pipe .... 18, 22 
puts the suction-pipes in 

the pockets . . . .23 
makes up and replaces 

the dam 8 

No. 3 locks the levers . . .56 

All the men drag the engine away firom the plug. 

No. 65. 
3 Men. — Getting an engine to worky with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



99 



99 



No. 3 takes off the hose 39, 41, 45 

folds and straps the near- 
side levers 58 

takes off the third length 
of suction-pipe . .18,22 

puts the suction-pipe in 
the pocket 

replaces the preventer and 
folds and straps the off- 
side levers 

mounts the engine and 
opens the hose-box lid . 

stows the gear .... 

closes the lid and gets down 



23 



58 



» 



» 



3 

I 

5 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 
puts on the first and third 
lengths of hose . 27, 
puts on the branch . . 
No. 2 sets up the dam . . . 
places the dam over the plug 7 
puts on the suction-pipes 9, i o, 1 1 



» 



» 



» 



28 

24 
6 



99 



» 



99 



» 



No. 3 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
puts on the second length 

of hose .... 27, 28 
turns over and secures the 
levers and places the pre- 
venter on the groimd . 55 
„ unlocks the levers . . .57 
If necessary, harden up the joints. 
When several men are engaged together in laying out a line of hose 
in separate lengths, each one must make an allowance of forty feet for 
every length nearer the engine. 



» 



ENGINE DRILL. 



193 



No. 66. 
3 Men. — Making up an mgine, with 3 or more lengths of hose and 3 
lengths of suction-pipe. 






99 



99 



9} 



No. I gives the word to stop pumping. 

takes off the branch . .25 

makes up the first and 
third lengths of hose . 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the suction-pipes 1 8, 2 2 

puts the suction-pipes in 
the pockets .... 23 

makes up and replaces the 
dam 8 

All the men drag the engine away from the plug. 

No. 67. 
3 Men. — Getting an engine to work, with i length of hose and /^ lengths 
of suction-pipe. 



j» 



9> 



No. 3 locks the levers . • .56 
takes off all the hose 39,41,45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
makes up the second 
length of hose ... 46 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



» 



» 



» 



Places of men on the engine • 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
^ puts on the length of hose 27 
„ puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the first, second, 
and third lengths of suc- 
tion-pipe . . . 9, 10, II 



» 



>y 



No. 3 mounts the engine, and 

opens the hose-box lid . 3 
takes out the dam, hose, 

OkV>. ....... 4 

closes the lid and gets down 5 

puts on the fourth length 
of suction-pipe . . ,12 

turns over and secures the 
levers, and places the pre- 
venter on the ground . 55 

unlocks the levers • .57 



» 






99 



» 



If necessary, harden up the joints. 

No. 68. 
3 Men. — Making up an engine, with i length of hose and 4 lengths of 
suction-pipe. 






» 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first, second, 
and third lengths of 
suction-pipe . . . 18, 22 
puts the suction-pipes in 

the pockets . . . .23 
makes up and replaces the 

dam 8 

No. 3 locks the levers .... 56 



f9 



99 



No. 3 takes off the hose ... 39 

folds and straps the near- 
side levers 58 

takes off the fourth length 
of suction-pipe . 18, 22 

puts the suction-pipe in 
the pocket 23 

replaces the preventer, 
and folds and straps the 
off-side levers . . . .58 

mounts the engine and 
opens the hose-box lid . 3 

stows the gear . . . . i 

closes the lid and gets down 5 



M 



» 



» 



» 



» 



99 



All the men drag the engine away from the plug. 
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No. 69. 
3 Men. — Getting an engine to work^ with 2 lengths of hose and 4 lengths 

of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 

sway-bars on the ground 2 
puts on the first and se- 
cond lengths of hose 27, 28 
puts on the branch . . 24 
No. 2 sets up the dam ... 6 
places the dam over the pliig 7 
puts on the first, second 
and third lengths of suc- 



» 



j> 



» 



» 



j> 



tion-pipe 



9> lOj 



No. 3 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &C. 4 
closes the lid andgets down 5 
puts on the fourth length 
of suction-pipe . . .12 
turns over and secures the 
levers, and places the 
preventer on the ground 55 
unlocks the levers . . .57 



If necessary, harden up the joints. 






» 



» 



II 

No. 70. 
3 Men. — Making up an engine^ with 2 lengths of hose and 4 lengths of 
suction-pipe. 



» 



3> 



>> 



M 



J> 



99 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first, second 
and third lengths of suc- 
tion-pipe . . . . 18, 22 
puts the suction-pipes in 

the pockets 23 

makes up and replaces the 

dam 8 

No. 3 locks the levers . . .56 

All the men drag the engine away from the plug. 

No. 71. 
3 Men. — Getting an engine to work^ with 3 or more lefigths of hose and 
4 lengths of suction-pipe. 



» 



9> 



No. 3 takes off the hose 39, 41, 45 

folds and straps the near- 
side levers 58 

takes off the foiulh length 
of suction-pipe . 18,22 

puts the suction-pipe in 
pocket 23 

replaces the preventer and 
folds and straps the off- 
side levers 58 

mounts the engine and 
opens the hose-box lid . 3 

stows the gear . . . . i 

closes the lid andgets down 5 



j> 



J9 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the second and 

third lengths of hose 27, 28 
puts on the branch . .24 
No. 2 sets up the dam ... 6 
places the dam over the 

plug 7 

puts on the first, second 
and third lengths of suc- 



» 



» 



» 



99 



99 



9> 



99 



99 



99 



3 
4 
5 



tion-pipe 



9, 10, II 



No. 3 mounts the engine and 

opens the hose-box Hd . 

takes out the dam, hose, &c 

closes the lid andgets down 

puts on the first length of 

hose 27 

puts on the fourth length 

of suction-pipe . . .12 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers j . .57 



99 



If necessary, harden up the joints. 
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No. 72. 
3 Men. — Making up an engine^ with 3 or more lengths of hose and 4 



» 



j> 



j> 



lengths of suction-pipe. 
No. I gives the word to stop pumping. 

takes off the branch . .25 

makes up the second and 
third lengths of hose . 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first, second 
and third lengths of suc- 
tion-pipe . . . 18, 22 

puts the suction-pipes in 
the pockets . . . .23 

makes up and replaces 

the dam 8 

No. 3 locks the levers . . .56 

takes off the hose 39, 41, 45 



» 



» 



» 



» 



» 



yj 



No. 3 folds and straps the near- 
side levers 58 

takes off the fourth length 
of suction-pipe . 18, 22 

puts the suction-pipe in 
the pocket 23 

replaces the preventer and 
folds and straps the off- 
side levers 58 

makes up the first length 
of hose 46 

mounts the engine and 
opens the hose-box lid . 3 

stows the gear . . . . i 

closes the lid and gets 
down 5 



>7 



J> 



J> 



?> 



All the men drag the engine away from the plug. 



No. 73. 
4 Men. — Getting an engine to work, with 

of suction-pipe. 
Places of men on tlie engine . 62 No. 3 
Set into the plug. No. 4 

^o. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 
No. 2 puts on the hose . . .27 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 

If necessary, harden up 



» 



?> 



j> 



» 



I length of hose and i length 

puts on the suction-pipe . 9 
mounts the engine and 
opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers . . .57 

the joints. 



» 



99 



99 



» 



No. 74. 
4 Men. — Making up an engine, with i length of hose and i 

suction-pipe. 
No. I gives the word to stop pumping, 
takes off the branch . .25 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 takes off the suction-pipe 18 
puts the suction-pipe in 

the pocket . . . . .23 
makes up and replaces 
the dam 8 



length cf 



j> 



» 



56 
39 



No. 4 locks the levers . . . 

takes off the hose . . . 

folds and straps the near- 
side levers ; replaces the 
preventer and folds and 
straps the off-side levers 58 

mounts the engine and 
opens the hose-box lid . 3 

stows the gear . . . . i 

closes the lid and gets 



99 



» 



down 5 

All the men drag the engine away from the plug. 

O 2 
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No. 75. 

4 Men. — Getting an engine to work, with 2 lengths of hose and i length 
of suction-pipe. 



Places of men on the engine • 62 

Set in to the plug. 

No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the second length 

of hose .... 27, 28 
puts on the branch . . 24 

No. 2 puts on the first length of 

hose 27, 28 

No. 3 sets up the dam ... 6 



>> 



» 



No. 3 places the dam over the plug 7 
„ puts on one length of suc- 
tion-pipe ^ 

No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lidand gets down 5. 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers . , .57 



>> 



j> 



w 



» 



If necessary, harden up the joints. 

No. 76. 

4 Men. — Making up an eftgine, with 2 lengths of hose and i length of 
suction-pipe. 



99 
99 



No. I gives theword to stop pumping, 
takes off the branch . .25 
makes up the second 
length of hose ... 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first length 

of hose 46 

No. 3 takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket 23 



» 



» 



» 



No. 3 makes up and replaces the 

dam S 

No. 4 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 5S 
mounts the engine and 
opens the hose-box lid . 3. 
stows the gear . . . . i 
closes the lid and gets down 5 



j> 



» 



All the men drag the engine away from the plug. 

No. 77. 

4 Men. — Getting an engine to work, with 3 or more lengths of hose and 
I length of suctionpipe. 



Places of men on the engine . 62 

Set in to the plug. 

No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the third length 

of hose .... 37, 28 
puts on the branch . .24 

No. 2 puts on the first and se- 
cond lengths of hose 27, 28 

No. 3 sets up the dam ... 6 



3> 



J> 



No. 3 places the dam over the plug 7 
„ puts on a length of suction- 
pipe 9 

No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers . . .57 



i9 

99 



9% 



99 



If necessary, harden up the joints. 
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No. 78. 
4 Men. — Making up an engine^ with 3 or more lengths of hose and i 
length of suction-pipe. 






99 



:» 



» 



1*^0. 1 gives the word to Stop pumping, 
takes off the branch . .25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

1^0, 2 makes up the first and se- 
cond lengths of hose . 46 
JNo. 3 takes off the suction-pipe 18 
„ puts the suction-pipe in 

the pocket 23 

All the men drag the engine away from the plug. 

No. 79. 
4 Men. — Getting an engine to work, with 1 length oj hose and 2 lengths 
of suctiofipipe. 



No. 3 makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers ; replaces the 
preventer and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . • i 
closes the lid and gets down 5 



>? 



» 



Places of men on the engine . 62 

Set in to the plug. 

JNfo.. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . . 24 

No. 2 puts on the first length of 

hose 27 

„ puts on the second length 
of suction-pipe • . 9, 10 

-No. 3 sets up the dam ... 6 



No. 3 places the dam overthe plug 7 
„ puts on the first length of 
suction-pipe . . . 9, 10 
No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers . . .57 



>j 



>j 



» 



If necessary, harden up the joints. 

No. 80. 
.4 Men. — Making up an engitie, with i length of hose and 2 lengths of 
suctionpipe. 



» 



>> 



No. 



No. I gives the word to stop pumping, 
takes off the branch . .25 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

2 takes off the second 
length of suction-pipe 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up the first length 

of hose 46 

No. 3 takes oflf the first length 

of suction-pipe , 18, 22 



n 



99 



No. 3 puts the suction-pipe in 

the pocket 23 

„ makes up and replaces 

the dam 8 

No. 4 locks the levers ... 56 
takes off the hose . . .39 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 



>> 



n 



» 



„ closes thelidandgets down 5 
All the men drag the engine away firom the plug. 



198 
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No. 81. 
4 Men. — Getting an engine to 7vork^ with 2 lengths of Jiose and 2 lengths: 
of suction-pipe. 



>> 



» 



n 



» 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the second length 
of hose .... 27, 28 
puts on the branch . .24 
No. 2 puts on the first length 

of hose .... 27, 28 
„ puts on the second length 
of suction-pipe . . 9, 10 

If necessary, harden up the joints. 

No. 82. 
4 Men. — Making up an engine^ with 2 lengths of hose and 2 lengths of 
suction-pipe. 



No. 3 sets up the dam . . . 6f 
placesthe dam over the plug 7 
puts on the first length of 
suction-pipe . . 9, 10 
No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid andgets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers .. . 57 



>> 



5> 



99 



» 



?> 



?> 



No. I gives theword to Stop pumping, 
takes off the branch . .25 
makes up the second 
length of hose ... 46 
unlocks the fore- carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the second length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up the first length 

of hose 46 

No. 3 takes off the first length of 

suction-pipe . . 18, 22 



?> 



» 



» 



99 



No. 3 puts the suction-pipe in 

the pocket 23, 

„ makes up and replaces 

the dam 8- 

No. 4 locks the levers .. . .56 

takes off all the hose 39,41,45 

folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers . 58 

mounts the engine, and 
opens the hose-box lid . 

stows the gear .... 

closes the lid and gets 
down 



99 



99 



99 



I 



All the men drag the engine away from the plug. 

No. Zz, . 
4 Men. — Getting an engine to work, with 3 or more lengths of /lose and 
2 lengths of suctiofi-pipe. 



Places of men on the engine . 62 

Set in to the plug. 

No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length 

of hose .... 27, 28 
puts on the branch . . 24 

No. 2 puts on the first and second 

lengths of hose . 27, 28 

No. 3 sets up the dam ... 6 



99 



99 



If necessary, harden up the joints. 



No. 3 places the dam over the plug 7 
„ puts on the first and second 
lengths of suction-pipe 9, 10 
No. 4 mounts the engine and 

opens the hose-box lid . 5. 
takes out the dam, hose, &c. -4 
closes the lid andgets down 5. 
turns over and secures the 
levers and places the pre- 
venter on the groimd . 55. 
unlocks the levers . . 57 



99 



99 



99 



99 
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No. 84. 
4 Men. — Making up an engine^ with 3 or more lengths of hose and 2 
lengths of suction-pipe. 



No. I gives the word to stop pumping. 



» 



5> 



» 



25 



46 



61 



takes off the branch 

makes up the third length 
of hose 

unlocks the fore-carriage 
and hooks on the sway- 
bars 

No. 2 makes up the first and se- 
cond lengths of hose . 46 
No. 3 takes off the first and se- 
cond lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 



» 



>» 



» 



No. 3 makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose, 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid ; 
stows the gear . . . \ 
closes the lid and gets 
down 



» 



» 



>> 



»> 

o 



the pockets . . . .23 

All the men drag the engine away from the plug. 



No. 85. 
4 Men. — Getting an engine to work, with i 

of suction-pipe. 
Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the length of hose 27 
„ puts on the branch . .24 
No. 2 puts on the first and third 
lengths of suction-pipe 

9, 10, II 
No, 3 sets up the dam ... 6 

If necessary, harden up 



No. 3 



No. 4 



^> 



» 



>> 



length of hose and 3 lengths 

places the dam over the plug 7 
puts on the second length 

of suction-pipe . 9, 10, 11 
mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
unlocks the levers . . .57 

the joints. 



No. Z(>. 
4 Men. — Making up an engine, with i length of hose and 3 lengths of 
suction-pipe. 



9> 



?> 



» 



No. I gives theword to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first and third 

lengths of suction-pipe 18, 2 2 
„ puts the suction-pipes in 
the pockets .... 23 
No. 3 takes off the second length 

of suction-pipe . 18, 22 
puts the suction-pipes in 



99 



>> 



J? 



No. 3 makes up and replaces 

the dam 8 

No. 4 locks the levers . . . .56 
takes off the hose . . .39 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets 
down .5 



j> 



5> 



» 



the pockets . . . .23 

All the men drag the engine away ixoirv t\\G "^^>^^?». 
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No. 87. 
4 Men. — Getting an engine to work, with 

lengths of suction-pipe. 
Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the second length 
of hose .... 27, 28 
puts on the branch . .24 
No. 2 puts on the first length of 

hose 27, 28 

„ puts on the third length of 
suction-pipe . . 9, 10, 11 
No. 3 sets up the dam ... 6 

No. 



2 lengths of hose and 3 



» 



» 



No. 3 places the dam over the plug 7 
puts on the first and se- 
cond lengths of suction- 
pipe 9, 10, II 

No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the pre- 
venter on the groimd . 55 
unlocks the levers . . .57 
If necessary, harden up the joints. 

88. 



7> 



J> 



» 



4 Men. — Making up an engine, with 2 lengtJis of hose atid 3 lengths 
of suction-pipe. 



99 
9» 



99 



» 



J> 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the second 

length of hose ... 46 
unlocks the fore-carriage 

and hooks on the sway- 
bars 61 

No. 2 takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up the first length 

of hose 46 

No. 3 takes oflf the first and second 

lengths of suction-pipe 18,22 

All the men drag the engine away from the plug. 

No. 89. 
4 Men. — Getting an engine to work, with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



» 



>> 



No. 3 puts the suction-pipes in 

the pockets . . . .23 
„ makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



99 



» 



99 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length of 

hose 27, 28 

puts on the branch . .24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
„ puts on the third length 
of suction-pipe .9, 10, 11 
No. 3 sets up the dam ... 6 



99 



99 



No. 3 places the dam over the plug 7 
„ puts on the first and se- 
cond lengths of suction- 
pipe 9, 10, II 

No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the ground 55 
unlocks the levers . . .57 
If necessary, harden up the joints. 



99 
99 



99 



99 
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No. 90. 
4 Men. — Making up an engine^ with 3 or more iefjgths of hose and 3 
lengths of suction-pipe. 



9} 



99 



99 



>> 



No. I gives the word to stop pumping, 
takes off the branch • .25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 

and hooks on the sway- 
bars 61 

Na 2 makes up the first and se- 

second lengths of hose . 46 
takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

No. 3 takes off the first and second 

lengths of suction-pipe 1 8, 2 2 

All the men drag the engine away from the plug. 

No. 91. 
4 Men. — Getting an engine to work, with i length of hose and 4 
lengt/is of suctionpipe. 



99 



99 



No. 3 puts the suction-pipes in 

the pockets , . . ,23 
„ makes up and replaces 

the dam 8 

No. 4 locks the levers • . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



» 



» 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on one length of hose 27 
puts on the branch . .24 
No. 2 puts on the first and third 
lengths of suction-pipe 

9, 10, II 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 



II, 12 






No. 3 puts on the second and 
fourth lengths of suction- 
pipe ... 9, 10 
No. 4 mounts the engine, and 

opens the hose-box lid . 3 
takes out the dam, hose, &c, 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
imlocks the levers . , .57 
If necessary, harden up the joints. 

No. 92. 
4 Men. — Making up an engitie^ with i length of hose and 4 lengths of 
suction-pipe. 



»* 



» 



>» 



» 



» 



» 



>> 



99 



No. I gives theword to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first and third 

lengths of suction-pipe 1 8, 2 2 
n puts the suction-pipes in 

the pocket 23 

No. 3 takes off the second and 
fourth lengths of suction- 
pipe 18, 22 



No. 3 puts the suction-pipes in 

the pocket 23 

„ makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose ... 39 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 



>> 



M 



» 



» 



„ closes the lid and gets down 5 
All the men drag the engine away from tiie pVvxg^. 



200 
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» 



No. 87. 
4 Men. — Geiiing an engine to work, with 

lengths of suction-pipe. 
Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the second length 
of hose .... 27, 
puts on the branch . . 
No. 2 puts on the first length of 

hose 27, 28 

„ puts on the third length of 
suction-pipe . . 9, 10, 11 
No. 3 sets up the dam ... 6 



» 



» 



28 
24 



2 lengths of hose and 3 



No. 3 places the dam over the plug 7 
puts on the first and se- 
cond lengths of suction- 



pipe 



9, 10, II 



No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closesthelidandgetsdown 5 
turns over and secures the 
levers, and places the pre- 
venter on the ground . 55 
unlocks the levers . . .57 
If necessary, harden up the joints. 






7> 



» 



No. 2>%, 
4 Men. — Making up an eftgine, with 2 lengths of hose and 3 lengths 
of suction-pipe. 



9f 

79 

7f 



99 
79 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the second 

length of hose ... 46 
imlocks the fore-carriage 

and hooks on the sway- 
bars 61 

No. 2 takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up the first length 

of hose 46 

No. 3 takes off the first and second 

lengths of suction-pipe 18,22 

All the men drag the engine away from the plug. 

No. 89. 
4 Men. — Getting an engine to work, with 3 orviore lengths of hose aTid 
3 lengths of suction-pipe. 



» 



99 



No. 3 puts the suction-pipes in 

the pockets . . . .23 
„ makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



» 



99 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length of 

hose 27, 28 

puts on the branch . . 24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
,, puts on the third length 
of suction-pipe .9, 10, 11 
No. 3 sets up the dam ... 6 



99 



99 



No. 3 places the dam over the plug 7 
„ puts on the first and se- 
cond lengths of suction- 



pipe 



9,10,11 



No. 4 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the groimd 55 
unlocks the levers . . .57 
If necessary, harden up the joints. 



99 



>9 



JJ 
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20I 



No. 90. 
4 Men. — Making up an enginCy with 3 or more lengths of hose and 3 
lengths of suction-pipe. 



99 

77 



i> 



» 



9J 



No. I gives the word to stop pumping, 
takes off the branch • .25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 

and hooks on the sway- 
bars 61 

No. 2 makes up the first and se- 

second lengths of hose . 46 
takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

No. 3 takes off the first and second 

lengthsof suction-pipe 18, 22 

All the men drag the engine away from the plug. 

No. 91. 
4 Men. — Getting an engi/ie to work, with i length of hose and 4 
lengths of suctionpipe. 



» 



79 



No. 3 puts the suction-pipes in 

the pockets , . . .23 
„ makes up and replaces 

the dam 8 

No. 4 locks the levers ... 56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



» 



» 



j> 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on one length of hose 27 
puts on the branch . .24 
No, 2 puts on the first and third 
lengths of suction-pipe 

9, 10, II 



99 



j> 



No. 3 puts on the second and 
fourth lengths of suction- 



pipe 



9, 10, II, 12 






?> 



No. 4 mounts the engine, and 

opens the hose-box lid . 3 
takes out the dam, hose, &a 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
No. 3 sets up the dam ... 6 „ unlocks the levers . . .57 
„ places the dam over the plug 7 If necessary, harden up the joints. 

No. 92. 
4 Men. — Making up an engine, with i length of hose afid 4 lengths of 
suction-pipe. 



99 



99 



No. I gives theword to stop pumping, 
takes off the branch . .25 
makes up the hose . . 46 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 takes off the first and third 

lengths of suction-pipe 1 8, 2 2 
„ puts the suction-pipes in 

the pocket 23 

No. 3 takes off the second and 
fourth lengths of suction- 
pipe 18, 22 



No. 3 puts the suction-pipes in 

the pocket 23 

„ makes up and replaces 

the dam 8 

No. 4 locks the levers . . .56 
takes off the hose . . .39 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
„ stows the gear . . . . i 



>> 



99 



99 



closes the lid and gets down 5 
All the men drag the engine away from tlie ^Vvxg,. 



204 
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No. 99. 

5 Men. — Getting an engine to work, with 2 
suction-pi^e. 

Places of men on the engine • 62 

Set into the plug. 

No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 

No. 2 puts on the first length of 

hose 27, 28 

No. 3 puts on the second length 

of hose .... 27, 28 

No. 4 sets up the dam ... 6 

If necessary, harden up 



No. 4 



No. 5 



j> 



>> 



» 



» 



lengtJis of hose and i length of 

places the dam over the plug 7 
puts on a length of suction- 
pipe ....... 9 

mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the ground 55 
unlocks the levers . . .57 

the joints. 



No. 100. 



5 Men. — Making up an engine, with 2 lengths of hose and i length of 
suction-pipe. 






No. I gives the word to stop pumping, 
takes off the branch . . 25 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first length 

of hose 46 

No. 3 makes up the second length 

of hose 46 

No. 4 takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket 23 



» 



j> 



>> 



No. 4 makes up and replaces 

the dam 8 

No. 5 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lidandgets down 5 



» 



j> 



All the men drag the engine away from the plug. 



No. loi. 

5 Men. — Getting an engine to worky7vith 
I length of suction-pipe. 

Places of men on the engine . 62 

. Set in to the plug. 

No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length 

of hose .... 27, 28 
puts on the branch . .24 

No. 2 puts on the first and second 

lengths of hose . 27, 28 

No. 3 sets up the dam ... 6 „ 

If necessary, harden up 



» 



n 



No. 3 
No. 4 

No. 5 



3 or nwre lengths of Jiose and 

places the dam over the plug 7 
puts on one length of 

suction-pipe .... 9 
moimts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&a 4 
closes the lid and gets down 5 
turns over and secures the 

levers and places the 

preventer on the groimd 55 
unlocks the levers . • .57 

the joints. 
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No. 102. 

5 Men. — Making up an engine^ with 3 or more lengtJis of hose and 
I length of suction-pipe. 



99 

9f 



99 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and 

second lengths of hose . 46 
No. 3 makes up and replaces the 

dam 8 

No. 4 takes off the suction-pipe 18 



» 



» 



» 



» 



No. 4 puts the suction-pipe in 

the pocket 23 

No. 5 locks the levers . . .56' 

takes off the hose 39, 41, 45. 

folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58^ 

mounts the engine and 
opens the hose-box lid . 3. 

stows the gear . • . , i 

closes the lid and gets down 5. 

All the men drag the engine away from the plug. 

No. 103. 

5 Men. — Getting an engine to work, with i length of hose and 2 lengths: 
of suction-pipe. 

Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 
No. 2 puts on a length of hose 27 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 



»9 



No. 4 puts on the first and second 

lengths of suction-pipe 9,10 
No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the ground 55; 
unlocks the levers • . .57 

If necessary, harden up the joints. 



» 






M 



No. 104. 

5 Men. — Making up an engine, with i length of hose and 2 lengths of 
suction-pipe. 



No. I gives the word to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 makes up and replaces 

the dam 8 

No. 4 takes off the suction-pipes 

18, 22 
puts the suction-pipes in 



99 



>> 



» 



No. 5 locks the levers . . .56- 
takes off the hose . . .39^. 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58-* 
moimts the engine and 
opens the hose-box lid . 3, 
stows the gear . . . . i 
closes the lid and gets 
down 5: 



» 



yj 



99 



the pocket 23 

All the men drag the engine away from the plug. 
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No. III. 

5 Men. — Getting an engine to work, with 2 lengths of hose and 3 lengths 
of suction-pipe. 



Places of men on the engine • 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . . 24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the third length 
of suction-pipe 



» 



99 



No, 4 puts on the first and se- 
cond lengths of suction- 



pipe 



9, 10, II 



No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground 
imlocks the levers 



» 



>> 



>? 



j> 



55 
57 



9, 10, II 
If necessary, harden up the joints. 

No. 112. 
5 Men. — Making up an engine, with 2 lengths of hose and 3 lengths of 
suctionpipe. 






No. I gives the word to stop pumping, 
takes off the branch . .25 
unlocks the fore-carriage, 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up and replaces the dam 8 
No. 4 takes off the first and second 

lengths of suction-pipe 1 8, 2 2 



9> 



JJ 



» 



» 



No. 4 puts the suction-pipes in 

the pocket 23 

No. 5 locks the levers . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine, and 
opens the hose-box lid • 3 
stows the gear • . . . i 
closes the lid and gets 
down c 



» 






All the men drag the engine away from the plug. 

No. 113. 
5 Men. — Getting an engine to work, with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length of 
hose ..... 27, 28 
puts on the branch . . 24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the 
plug 7 



91 



n 
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II 



II 



No. 3 puts on the third length 
of suction-pipe 9, 10, 
No. 4 puts on the first and se- 
cond lengths of suction- 
pipe .... 9, 10, 
No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the groimd . 55 
imlocks the levers . . .57 



99 



>> 



99 



>> 



If necessary, harden up the joints. 
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No. 114. 
5 Men. — Making up an engine^ with 3 or more lengths of hose and 3 
lengths of suction-pipe. 



>> 



if 



» 
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» 



No. I gives the word to stop pumping. 

takes off the branch . .25 

makes up the third length 
of hose 46 

unlocks the fore-carriage, 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and se- 
cond lengths of hose . 46 
No. 3 takes off the third length 

of suction-pipe . 18, 22 

puts the suction-pipe in 
the pocket 23 

makes up and replaces 
the dam 8 

All the men drag the engine away from the plug. 

No. 115. 
5 Men. — Getting an engine to work, with i length of hose and /^ lengths 
of suction-pipe. 



99 



i9 



No. 4 takes oif the first and se- 
cond lengths of suction- 
pipe 18, 22 

„ puts the suction-pipes in 
the pockets .... 23 
No. 5 locks the levers . . .56 
takes off all the hose 39,41,45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine, and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



>j 



M 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . . 24 
No. 2 puts on one length of hose 2 7 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the second and 
fourth lengths of suction- 



>9 



No. 4 puts on the first and 
third lengths of suction- 



pipe 



9, 10, II, 12 



» 



» 
>» 



No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers and places the pre- 
venter on the ground . 5 5 
unlocks the levers . . .57 
pipe . . . 9, 10, II, 12 If necessary, harden up die joints. 

No. 116. 
5 Men. — Making up an engine^ with i length of hose and 4 lengths of 
suction-pipe. 



» 



No. I gives theword to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . , 46 
No. 3 takes off the second and 
fourth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 

the pockets 23 

makes up and replaces 
the dam 8 



j> 
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No. 4 takes off the first and third 

lengths of suction-pipe 1 8, 2 2 
„ puts the suction-pipes in 
the pockets . . . .23 
No. 5 locks the levers . . .56 
takes off the hose . . .39 
folds and straps tfie near- 
side levers, replaces the 
preventer, aad folds and 
straps the off-side levers . 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 






99 



„ closes the lid and gets down 5 
All the men drag the engine away from the ^Im%. ^ 
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No. 117. 
5 Men. — Getting an engine to work, with 2 lengths of hose and 4 
lengths of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the branch . . 24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the second and 
fourth lengths of suction- 






pipe 



9, 10, II, 12 



No. 4 puts on the first and third 
lengths of suction-pipe 

9, 10, II, 12 
No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the ground 55 
unlocks the levers . . .57 






» 



» 



If necessary, harden up the joints. 

No. 118. 
5 Men. — Making up an engine, with 2 lengths of hose and 4 lengths of 
suction-pipe. 



» 



fi 
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No. I gives the word to stop pumping, 
takes off the branch . .25 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 takes off the second and 
fourth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 

the pocket 23 

makes up and replaces 

the dam 8 

closes the lid and gets down 5 

All the men drag the engine away from the plug. 

« 

No. 119. 
5 Men. — Getting an engine to work, with 3 or more lengths of hose and 
4 lengths of suction-pipe. 



» 



99 



No. 4 takes off the first and third 

lengths of suction-pipe 1 8, 2 2 
„ puts the suction-pipes in 

the pocket 23 

No. 5 locks the levers. . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length of 

hose 27, 28 

puts on the branch . . 24 
No. 2 puts on the first and second 

lengths of hose . 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the second and 



99 
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» 
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12 



fourth lengths of suction- 
pipe ... 9, 10, II, 
No. 4 puts on the first and third 
lengths of suction-pipe 

9,10, II, 
No. 5 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&c. 4 
closes the lid and gets down 5 
turns over and secures the 
levers, and places the 
preventer on the ground 55 
unlocks the levers . . .57 






» 



» 



If necessary, harden up the joints. 
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No. 1 20. 
5 Men. — Making up an engine, with 3 or more lengths of hose and 4 
lengths of suction-pipe. 



99 



y> 



No. I gives theword to stop pumping. 

takes off the branch . .25 

makes up the third length 
of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and se- 
cond lengths of hose . 46 
No. 3 takes off the second and 
foiuth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 
the pockets . . . .23 

makes up and replaces the 



w 
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No. 4 takes off the first and third 

lengths of suction-pipe 1 8, 2 2 
„ puts the suction-pipes in 

the pocket 23 

No. 5 locks the levers. . . .56 
takes off the hose 39, 41, 45 
folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets 
down 



w 



M 



» 



dam ....... 8 

All the men drag the engine away from the plug. 



5 



No. 121. 
6 Men. — Getting an engine to work, with 

length of suction-pipe. 
Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, -and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 
No. 2 puts on the hose . . .27 
No. 3 sets up the dam ... 6 
places the dam over the 
plug 7 



» 



I length of hose . and 1 



No. 4 puts on the suction-pipe . 9 
No. 5 turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, 

&c 4 

closes the lid and gets down 5 
unlocks the levers . . .57 



» 



» 



If necessary, harden up the joints. 

No. 122. 

6 Men. — Making up an engine, with i length of hose and i length of 
suction-pipe. 



No. I gives the word to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 makes up and replaces 

the dam 8 

No. 4 takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket 23 



f> 



No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose . . .39 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets 
down 5 



» 



» 



99 

9> 



All the men drag the engine away from the plug. 



't 1. 
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No. 123. 

6 Men. — Getting an engine to work^ with 2 lengths of hose and i length 
of suction-pipe. 



Places of men on the engine . 62 

Set in to the plug. 

No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 

No. 2 puts on the first length of 

hose 27, 28 

No. 3 puts on the second length 



of hose 
No. 4 sets up the dam 



27, 28 



No. 4 places the dam over the plug 7 
„ puts on one length of 
suction-pipe .... 9 
No. 5 tiuns over and secures the 
levers, and places the 
preventer on the ground 55 
No. 6 mounts the engine, and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
imlocks the levers . . .57 






>> 



If necessary, harden up the joints. 

No. 124. 

6 Men. — Making up an engine, with 2 lengths of hose and i length of 
suction-pipe. 



No. I gives the word to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first length 

of hose 46 

No. 3 makes up the second 

length of hose ... 46 
No. 4 takes off the suction-pipe 18 
puts the suction-pipe in 
the pocket 23 



» 



No. 4 makes up and replaces 

the dam ..... 8 
No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the oflf-side levers 58 
No. 6 locks the levers ... 56 
takes off the hose 39, 41, 45 
mounts the engine and 

opens the hose-box lid . 5 
stows the gear . . . . i 
closes the lid and gets down 5 



» 



» 



» 
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All the men drag the engine away from the plug. 



No. 125. 

6 Men. — Getting an engine to work, with 3 
length of suctionpipe. 

Places of men on the engine . 62 No. 3 

Set in to the plug. No. 4 

No. I squares and locks the fore- 
carriage and places the No. 5 
sway-bars on the ground 2 
^ puts on the third length of 

hose 27, 28 No. 6 

„ puts on the branch . .24 

No. 2 puts on the first and se- 
cond lengths of hose 27, 28 

No. 3 sets up the dam ... 6 

If necessary, harden up 



99 



or more lengths of hose and i 

places the dam over the plug 7 
puts on one length of 

suction-pipe .... 9 
turns over and secures the 

levers, and places the 

preventer on the ground 55 
mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
unlocks the levers . . .57 

the joints. 
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No. 126. 

6 Men. — Making up an engine, with 3 or more lengths of hose and i 
length of suction-pipe. 



99 

99 



19 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and se- 
cond lengths of hose . 46 
No. 3 makes up and replaces 

the dam 8 

No. 4 takes off the suction-pipe 18 



No. 4 puts the suction-pipe in 

the pocket 23 

No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . . . 56 
takes off the hose 39, 41, 45 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



99 
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No. 4 puts on two lengths of 



All the men drag the engine away from the plug. 

No. 127. 

6 Men. — Getting an engine to work, with i length of hose and 
lengths of suction-pipe. 

Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the groimd 2 
„ puts on the branch , .24 
JJo. 2 puts on one length of hose 27 
No. 3 sets up the dam ... 6 
„ places the dam over the plug 7 



suction-pipe 



9, 10 



No. 5 turns over and secures the 
levers and places the pre- 
venter on the ground . 55 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
unlocks the levers . .57 
If necessary, harden up the joints. 

No. 128. 

6 Men. — Making up an engine, with i length of hose and 2 lengths of 
suction-pipe. 






No. I gives theword to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 makes up and replaces 

the dam 8 

No. 4 takes off the suction- 
pipes .... 18, 22 
puts the suction-pipes in 



99 



No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose . . .39 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the hd and gets down 5 



99 



99 



the pocket 23 

All the men drag the engine away from the plug. 
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No. 129. 

6 Men. — Geiting an engine to worky with 2 lengths of hose and 2 
lengths of suction-pipe. 

Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 
No. 2 puts on the hose . 27, 28 
No. 3 sets up the dam ... 6 
„ placesthedamovertheplug 7 



No. 4 puts on the suction-pipes 

No. 5 turns over and secures the 
levers, and places the pre- 
venter on the groimd . 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose,&a 4 
closes the lidandgets down 5 



10 



55 



» 



» 



» 



unlocks the levers . . .57 
If necessary, harden up the joints. 



No. 130. 

6 Men. — Making up an engine^ with 2 lengths of hose and 2 lengths 
of suction-pipe. 

No. I gives the word to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars ....... 61 

No. 2 makes up the hose . . 46 
No. 3 makes up and replaces 

the dam 8 

No. 4 takes off the suction-pipes 

18, 22 
^ puts the suction-pipes in 



No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the oflf-side levers 58 
No. 6 locks the levers . . .56 
takes oflf the hose 39, 41, 45 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear ..... i 
closes the lid and gets 
down ...... 5 



» 



n 



99 



the pockets .... 23 

All the men drag the engine away from the plug. 



No. 131. 

6 Men. — Getting an engine to work, with 3 or more lengths of hose and 
2 lengths of suction-pipe. 

Places of men on the engine . 62 

Set in to the plug. 

No. I squares and locks the fore- 
carriage and places the 
sway-bars on tiie ground 2 
puts on the third length of 

hose 27, 28 

puts on the branch . . 24 

No. 2 puts on the first and se- 
cond lengths of hose 27, 28 

No. 3 sets up the dam ... 6 



» 



5> 



No. 3 places the dam over the plug 7 
No. 4 puts on the suction-pipes 

9, 10 
No. 5 turns over and secures the 
levers, and places the 
preventer on the ground 55 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes outthe dam, hose,&c. 4 
closesthelidandgetsdown 5 
unlocks the levers . • .57 



99 

9> 
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If necessary, harden up the joints. 
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No. 132. 
6 Men. — Making up an engine, with 3 or more lengths of hose and 2 
lengths of suction-pipe. 






i9 



No. I gives the word to stop pumping, 
takes off the branch . . 25 
makes up the third length 

of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and 

second lengths of hose . 46 
No. 3 makes up and replaces the 

dam 8 

N0.4 takes oif the suction-pipes 18,22 

All the men drag the engine away from the plug. 

No. 133. 
6 Men. — Getting an engine to work, with i length of hose and 3 lengths 
of suction-pipe. 



No. 4 puts the suction-pipes in 

the pockets .... 23 
No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the oflf-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose 39, 41, 45 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 






» 



II 



55 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on tiie ground 2 
„ puts on the branch . . 24 
No. 2 puts on one length of hose 27 
No. 3 sets up the dam ... 6 
places the dam over the 
plug ....... 7 

puts on the third length 
of suction-pipe . 9, 10, 11 

If necessary, harden up the joints. 

No. 134. 
6 Men. — Making up an engine, with 1 length of hose and 3 lengths oj 
suction-pipe. 



» 
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No. 4 puts on the first and 
second lengths of suction- 
pipe . . . . 9, 10, 
No. 5 turns over and secures the 
levers, and places the pre- 
venter on the ground . 
No. 6 mounts the engine, and 
opens the hose-box lid . 
takes out the dam, hose, 

&c. . 

closes the lid and gets down 
unlocks the levers . . 



39 



M 



4 

5 

57 



No. I gives the word to stop pumping. 
„ takes off the branch . .25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 takes off the third length 

of suction-pipe . . 18, 22 
puts the suction-pipe in 
the pocket .... 23 
makes up and replaces the 

dam 8 

No. 4takes off the first and second 



» 
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No. 4 puts the suction-pipes in 

the pocket 23 

No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . . , .56 
takes off the hose ... 39 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closesthelidandgetsdown 5 



99 



f> 



99 



lengths of suction-pipe 1 8, 2 2 

All the men drag the engine away from the plug. 
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No. 135. 
6 Men. — Getting an engine to work^ with 2 lengths of hose and 3 lengths 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on fiie ground 2 
„ puts on the branch . . 24 
No. 2 puts on the hose . 27, 28 
No. 3 sets up the dam ... 6 
„ places the dam over the plug 7 
„ puts on the third length 
of suction-pipe . 9, 10, 11 



No. 4 puts on the first and se- 
cond lengths of suction- 
pipe .... 9, 10, 
No. S turns over and secures the 
levers and places the pre- 
venter on tiie groimd . 
6 mounts the engine and 
opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
unlocks the levers . .57 



No. 



99 



II 



55 



If necessary, harden up the joints. 

No. 136. 
6 Men. — Making up an engine, with 2 lengths of hose and 3 lengths of 
suction-pipe. 



No. I gives the word to stop pumping. 
„ takes oif the branch . .25 
„ unlocks the fore-carriage, 
and hooks on the sway- • 

bars '.61 

No. 2 makes up the hose . . 46 
No. 3 takes oflf the third length 

of suction-pipe . 18, 22 
„ puts the suction-pipes in 

the pocket 23 

„ makes up and replaces the dam 8 
No. 4 takes oif the first and second 

lengths of suction-pipe 1 8, 2 2 



No. 4 puts the suction-pipes in 

the pockets . . . .23 
No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the oif-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose 39, 41, 45 
moimts the engine, and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets 
down 5 



99 
99 



» 



w 



All the men drag the engine away from the plug. 

No. 137. 
6 Men. — Getting an engine to work, with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug, 
[o. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
puts on the third length of 

Jiose 27, 28 

puts on the branch . .24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the 
plug 7 



» 



>} 



» 



No. 3 puts on the third length 
of suction-pipe 9, 10, 
No. 4 puts on the first and se- 
cond lengths of suction- 
pipe .... 9, 10, 
No. 5 turns over and secures the 
levers and places the pre- 
venter on the ground . 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
imlocks the levers . . .57 



II 



II 



55 



» 



» 



99 



If necessary, harden up the joints. 
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No. 138. 
6 Men. — Makifig up an engine, with 3 or more lengths of hose and 
3 lengths of suction-pipe. 



}> 



>> 



99 



No. I gives the word to stop pumping, 
takes off the branch . .25 
makes up the third lei^th 

of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and 

second lengths of hose . 46 
No. 3 takes off the third length 

of suction-pipe . 18, 22 
puts the suction-pipe in 

the pocket 23 

makes up and replaces the 
dam 8 

All the men drag the engine away firom the plug. 

No. 139. 
6 Men. — Getting an engine to work, with i length of hose and 4 lengths 
of suction-pipe. 



» 



99 



No. 4 takes off the first and se- 
cond lengths of suction- 
pipe 18, 22 

„ puts the suction-pipes in 

the pocket 23 

No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . , .56 
takes off the hose 39, 41, 45 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . • . , i 
closes the lidand gets down 5 



w 



» 



99 



Places of men on the engine . 62 
Set in to the plug. 
No. 1 squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the branch . .24 
No. 2 puts on one length of hose 27 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the second and 
fourth lengths crfsuction- 



99 



99 



pipe 



9, 10, 



No. 4 puts on the first and third 
lengths of suction-pipe 

9, 10, II, 12 
No. 5 turns over and secures the 
levers, and places the 
preventer on the ground 55 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &c. 4 
closes the lid and gets down 5 
unlocks the levers . . .57 



99 



99 



99 



If necessary, harden up the joints. 



II, 12 

No. 140. 
6 Men. — Making up an engine, with 1 length of hose and 4 lengths op 
suction-pipe. 



99 



99 



No. I gives the word to stop pumping, 
takes off the branch . .25 
unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No, 3 takes off the second and 
fourth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 

the pockets .... 23 
makes up and replaces 
the dam 8 



99 



99 



No. 4 takes off the first and third 

lengths of suction-pipe 18,22 
„ puts the suction-pipes in 
the pockets .... 23 
No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose . . .39 
mounts the engine and 

opens the hose-box lid . 3 
stows the gear . . . . i 



99 
99 



yy 



99 



closes the Ud andgets down 5 
All the men drag the engine away from, th^ \^Ml^. 
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No. 141. 
6 Men. — Getting an engine to work, with 2 lengths of hose and 4 lengths 
of suction-pipe. 



Places of men on the engine . 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage and places the 
sway-bars on the ground 2 
„ puts on the branch . . 24 
No. 2 puts on the hose . 27, 28 
No. 3 sets up the dam ... 6 
places the dam over the plug 7 
puts on the second and 
fourth lengths of suction- 






pipe 



9> lO; 



11^ 12 



No. 4 puts on the first and third 
lengths of suction-pipe 

9, 10, II, 
No. 5 turns over and secures the 
levers and places the pre- 
venter on the ground . 
No. 6 mounts the engine and 

opens the hose-box lid . 3 

takes out the dam, hose, &a 4 

closes the lid and gets down 5 

unlocks the levers . . .57 

If necessary, harden up the joints. 



12 



55 






» 



No. 142. 
6 Men. — Making up an engine^ with 2 lengths of hose and 4 lengths <f 
suction-pipe. 



No. I gives theword to stop pumping. 
„ takes off the branch . . 25 
„ unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the hose . . 46 
No. 3 takes oif the second and 
foiuth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 

the pocket 23 

makes up and replaces the 

dam 8 

„ closes the Ud and gets down 5 

All the men drag the engine away firom the plug. 

No. 143. 
6 Men. — Getting an engine to work^ with 3 or more lengths of hose and 
4 lengths of suction-pipe. 



M 



» 



No. 4 takes off the first and third 

lengths of suction-pipe 18, 22 
„ puts the suction-pipes in 

the pocket 23 

No. 5 folds and straps the near- 
side levers, replaces the 
preventer, and folds and 
straps the off-side levers 58 
No. 6 locks the levers ... 56 
takes off the hose 39, 41, 45 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 






f> 



Places of men on the engine • 62 
Set in to the plug. 
No. I squares and locks the fore- 
carriage, and places the 
sway-bars on the ground 2 
puts on the third length 

of hose .... 27, 28 
puts on the branch . . 24 
No. 2 puts on the first and se- 
cond lengths of hose 27, 28 
No. 3 sets up the dam ... 6 
„ places the dam over the plug 7 



» 



)9 



No. 3 puts on the second and 
fourth lengths of suction- 
pipe ... 9, 10, II, 
No. 4 puts on the first and third 
lengths of suction-pipe 

9, 10, II, 
No. 5 turns over and secures the 
levers and places the pre- 
venter on the ground . 
No. 6 mounts the engine and 

opens the hose-box lid . 3 
takes out the dam, hose, &a 4 
closes the lid and gets down 5 



12 



12 



SS 



» 



» 



9> 



unlocks the levers . . .57 
If necessary, harden up the joints. 
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No. 144. 

6 Men. — Making up an engine^ with 3 or more lengths of hose and 4 
lengths of suction-pipe. 



w 



>9 



>9 



No. I gives the word to Stop pumping. 

takes oflF the branch . .25 

makes up the third length 
of hose 46 

unlocks the fore-carriage 
and hooks on the sway- 
bars 61 

No. 2 makes up the first and se- 
cond lengths of hose . 46 
No. 3 takes oflF the second and 
fourth lengths of suction- 
pipe 18, 22 

puts the suction-pipes in 
the pocket 23 

makes up and replaces 
the dam 8 



w 



99 



No. 4 takes off the first and 
third lengths of suction- 
pipe 18, 22 

„ puts the suction-pipes in 

the pocket 23 

No. 5 folds and straps the near- 
side levers ; replaces the 
preventer and folds and 
straps the oflF-side levers 58 
No. 6 locks the levers . . .56 
takes off the hose 3 9, 41, 45 
mounts the engine and 
opens the hose-box lid . 3 
stows the gear . . . . i 
closes the lid and gets down 5 



99 
99 



99 



99 



All the men drag the engine away from the plug. 
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INTRODUCTORY. 

In order to extinguish a fire properly, it is necessary for the firemen 
to approach it for the purpose of putting the water wherever it is most 
wanted. Any attempt to extinguish a fire firom a distance, almost 
invariably proves a failure. 

The stairs of a house on fire, if made of stone, as is most common in 
London, usually fall down at an early stage, and, even when they do not 
fall down, are never safe after having once been subjected to heat ; and, 
if made of wood, they seldom last very long after the fire has caught 
them. 

If, therefore, the firemen are not provided with some other means of 
access to upper stories, every staircase fire would result in the total 
destruction of the building. 

The following instructions are issued for the purpose of meeting this 
great and constantly reciuring emergency, and special attention is 
directed to a careful study of the subject, which is one of paramount 
importance in the business of a Fire Brigade. 

General Description of Scaling Ladders. 

Scaling ladders are of two kinds, the one commonly called Italian* 
and the other Military. 

They are alike in consisting of a number of short lengths, which fit 
into each other, and can be made to reach a considerable height, but 
they differ very materially in construction, and in the mode of forming 
the joints. The same drill, however, can, with a very trifling modifica- 
tion, be used with both. 

Each of the Italian ladders consists of 2 legs or sides and 6 steps, of 
which the top and bottom are flat, and the remainder round. The flat 
step at the top passes through the legs of the ladder and projects on the 
outside, and both ends of the legs have slots cut athwart tliem to receive 
the flat steps of other lengths. 

Italian ladders have never been adopted in this country, but as they 
are very strong and serviceable, and in some respects probably superior 
to those in use, they are certain at some time or other to be brought 
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into notice. Any course of ladder instruction, therefore, which omits to 

notice the Italian ladders, would be to a certain extent imperfect, and it 

is on this account that they are mentioned here. 

The scaling ladders at present used by the b 

Metropolitan Fire Brigade are those hitherto |W| 

commonly known as Military, and their general rpL. 

description is as follows : — 'I ' 

Each ladder consists of 2 legs or sides, 6 ||| 

spotes or rounds, and 4 sockets, ™ 

The sides are of the best spruce deal, per- 
fectly dry and well seasoned, and free from sap 

and dead or loose knots. They are 6 feet 6 

inches long, 3^ inches deep, and half that, or i 

inch and |, wide. 

They are fitted together so as to form a taper, 

the top of which is 3^ inches narrower than the 

bottom. 

They are slightly champered off on the out- 
side of the foot, and on the inside of the head, 

for about 3 inches, and there is a semi-circukr 

groove, about | of an inch deep, cut across the 

top, to receive the round of another length. To 

prevent the ends splitting, a wrought-iron rivet 

is let into each side from back to front, ij inch 

from the top, and is burred down, without a 

washer, perfectly flush with the sides. 

The rounds are of turned oak, well seasoned, 

with the ends properly fitted into and secured 

in the sides, with oak wedges driven in from 

the outside. These wedges should be driven 

in horizontally, and should cross the grain of 

the sides, so as to avoid splitting the timber. 

The rounds should invariably be turned from I ■; 

cleft, not sawn, pieces of oak, so as to ensure L__. 

their not being cross-grained in any part. ^i^, 

The rounds are ^ths of an inch in 
diameter where they enter the sides, 
and about i inch and ^th in the centre. 
They are continued full size (^ths) into 
the sides for §ths of an inch, after 
which, for the remainmg distance (ij 
inches) to the outside, they are reduced 
to |ths of an inch. Each of the end 

Showin oakwedee l^*""^^' ^'^P ^"<i bottom, is hollOWCd 

in*»![oFrouDd. out, and contains within it a small rod 
or bar of iron, called a rivet, which goes through all, 
and is burred down at the ends over iron washers, 
countersunk flush with the outside. These rounds are 
carefully bored out, so as to allow sufiicient space for 
strong i-inch wrought-iron rivets. 
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Socket. 



The following are the lengths of the respective rounds, taken between 
the sides, and not including the portion which goes through, viz. : — 

6th, or top round, 8^ in.; 5th round, 8f in.; 4th round, 9^ in.; 3rd 
round, 9f in.; 2nd round, io| in.; ist, or bottom round, lof in. 

The distance between the rounds, measured from centre to centre, is 
II J inches, and the distance from the top and bottom rounds to the 
ends is also 11^ inches, making seven spaces of iij^ each, or almost 
exactly 6 feet 6 mches altogether. 

At the foot the width inside the legs or sides is 11 J inches, and at 
the level of the top round, the width outside is 11 J inches, consequently 
the head of any one length exactly fits in the foot of every other. 

Each length is mounted with four sockets, made to a prescribed gauge, 
so as to fit universally. 

The sockets are of best wrought iron, 2 inches deep, 
nearly J^ of an inch thick, and showing at the top an exact 
square of 3 J inches on the inside, and at the bottom about 
t** less. 

The end of the socket fiuthest from the round is 3 J inches 
square, and the end next the round is 3;^ by 3A inches. The weld 
should be in the middle of the side which touches the side of the leg. 
The angles should be very sharp on the inside, and perfectly sound and 
free from flaws both inside and out. 

Each socket has fom: holes drilled in it, and is fastened to the sides 
by four i-inch screws, placed diagonally, two at the front and two at the 
back. 

These screws are so arranged as to resist strains, those on the top of 
each socket being in every case near the inner edge of the timber, so as 
to be able to bear a strain outwards, and those at the bottom, near the 
outer edjge, so as to be able to bear a strain inwards. 

The sockets at the foot are slipped up from the bottom, as far as the 
first round, and are so fastened as to project and show the opening on 
the inside of the leg of the ladder. 

Those at the head are slipped down from the top as far as the top 
round, and are so fastened as to project and show the opening on the 
outside. 

The inside of the projecting portion of the lower sockets is bevelled 
off with a file on the bottom, and the inside of the top sockets is bevelled 
off at the top to assist the entry of other lengths. 

The ladders measure almost exactly 6 feet 6 inches, but when they 
are put together, as hereafter described, they overlap each other to the 
extent of 11 inches. 

Each additional one, therefore, after the first, adds only 5 feet 7 inches, 
not 6 feet 6 inches, and the lengths are consequently as follows, 



viz. : — 


















Lengths. 






Ft 


In. 


Lengths. 




Ft 


In. 


I 






6 


6 


6 




..• 34 


S 


2 






12 


I 


7 




... 40 





3 






17 


8 


8 




... 45 


7 


4 






23 


3 


9 




... SI 


2 


5 






28 


10 


10 




... 56 


9 
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LADDER DRILL. 

The proper number of men for working scalmg ladders is three, and 
the first course of drill is arranged for that number ; but as these ladders 
can be used in a great variety of ways, and under a great many different 
circumstances, and there may not always be three or even two men 
present, instructions are also issued explaining the mode of raising them 
by two men, and after that the course to be adopted by one man 
alone. 

Everything connected with ladders is counted upwards from the 
ground ; thus, when several lengths are put together, the bottom length 
is the 1st, the next length is the 2nd, the next the 3rd, and so on to the 
top; also, in spokes or rounds, the bottom spoke is the ist, the next 
■ spoke the and, and so on to the highest, which is called the top 
round. 

When several ladders, however, are attached together, it may not be 
convenient to count all the spokes from the ground to any of the high 
points ; and it will be found sufficient, when defining any particular one, 
to name merely the length to which it belongs, and the round of that 
length, as, " top round of and length," " 3rd round of 5th length," 
" lower round of 6th length," and so on. 



Ladder Drill for Three Men. 



N^oTM^ 


...». 


„.a„ 


3rdlim=. 


4* time. 


jthiime. 


ethiims. 


A 


1 


I 


3 


J 






















3 


2 


3 




' 


' 



Before commencing, get together the 
necessary number of ladders in a con- 
venient place. 

"Stand by to raise ladders." — On re- 
ceiving this order, the men call their 
numbers, i, 2, and 3. 

No. I and No. 2 then stand with their 
backs to Che wall, about a foot out, No. i 
on the right hand side of No. 2. 

" Go on."— Ai this order No. 3 places 
a length of ladder in front of No. i, 
with the head, or narrow end, upwards. 

" (7«f."— At this word. No. i, without 
stooping, seizes the sides of the ladder 
with both hands, fingers to the front, and 
thumbs behind. 
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" T^o" — At this word 

No. I tosses the ladder 

upwards, catching it again 

by the sides about 6 inches 

below the bottom round, 

and letting the head of it 

fall back against the wall, 

hands as before with fingers 

to the front and thumbs 

behind, the fingers slightly 

overlapping the inside so as 

to form a guide for the next 

length, but not turned so 

much round as to clutch the 

inside, as in tliis case they 

would obstruct the entrance 

of the next length; the 

thumbs straight up at the 

back. 

" Three."— kl this word 

No. 3 takes another length, 

and, holding it by the sides 

a little above the centre, 

inserts the head of it into 

the sockets of the length in 

'"). I's hands. 

" Four." — At this word 
). I removes his hands. 
No. 3 then raises the 
Fim length nJ«d. ladders an inch or two off 
the ground by the rounds, and lets them drop again with a gentle tap 
so as to ensure the lower round of the top length coming home on 
the groove cut in the top of the sides of the lower length ; and before 
any one is allowed to go up the ladders, No. 3 must either feel with his 
hands or see that this has been done, as, unless these parts touch, the 
joint is not properly made, and the ladders are not safe. 

Should the ladders now be in a proper position for work, they maybe 
at once used, or others added to them, according to circumstances ; but 
should they not be right. No. 3 must adjust them before anything further 
is done. This is accomplished in the following manner : — 

If the head is in the right place, and the foot out of line, No. 3 catches 
the ladders by the sides or rounds, and lifts the foot across to the 
required position. 

If the foot is right and the head wrong. No. 3 places one foot on the 
lower round, so as to steady the ladders on the ground, and, catching the 
lower length by both sides, lifts the head a little off the wall, and places 
it in the necessary position. 

Should the whole of the ladders above and below require shifting 
along the wall, they may be turned over three or four times, after which 
it will be found that, in consequence of the difference in width between 
the bottom and top, the former wUl have gone further than the latter, 
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and thus thrown the ladders out of the perpendicular. They can then 
be adjusted as previously explained, and after- 
wards, if necessaiy, move on further in the same 
way bytuming over; the same precaution being 
attended to after every three or four turns. 

"Add another Length." — At this order No. r and 
No. 2 get into their places and prepare to raise the 
two lengths in the following manner, working 
exactly together, and being particularly carefiil 
not to shift their hands during the operation. 

" One." — At this word No. i and No, z stoop 
down ; No. i catches the lower round near the 
centre with his left hand, and the side next 
hira, about six inches below the lower round, 1 
with his right hand. 

No. 2 catches the lower round near the centre 
with his right hand, and the side next him, about c 
6 inches below the lower round, with his left hand. — 

The left hand of No. 1 and the right hand of 
No. 2 should now be touching, and these hands 
should be clutched on the lower round, knuckles 
on the top and to the front, fingers passed under 
from the front and thumbs from behind, and the p 
left elbow of No. i and the right elbow of No. 2 
should touch. 

The right hand of No. i and the left hand of 
No. 2 should be so placed on the sides that in 
each case the thumb and fore-finger should be 
about on a level, the thumb behind and all the 
fingers in front, and slightly overlapping the 
inside, so as to form a guide for the next length, 
but not turned so much round as to clutch the 
inside, as in this case they would obstruct the 
entrance of the next length. 

" Two."— At this word the left shoulder of 
No. 1 and the right shoulder of No, 2 should be 
pressed lightly against the sides of the ladders, 
and as soon as the men feel the weight, they 
should bring themselves steadily, gradually, and 
without jerking, to an upright position, raising 
the ladders with them; and in case of roughness, 
projections, or other obstructions on the wall, 
lifting the head of the top length clear by sup- 
porting the weight on their shoulders, at the 
same time taking a short step forward, so as to - 
keep the ladders at the same angle iiom the wall i^l"^ ' 
as before. ■ 

After the men have raised themselves to an ^ 
upright position, by straightening their backs" 
and legs, the bottom of the ladders will be 
about 3 feet off the ground. s^^SV^'ti^-s^dSSi;^. 
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" Three." — At this word No. i and No, 2 
will push the ladders up about four-and-a- 
half feet higher by means of the aims alone, 
casting their eyes aloft, and, in case of the 
head of the ladders not going up straight, 
following it with the foot in the same direc- 
tion, and moving about as may be required, 
so as to keep the ladders as much as possible 
in a vertical position. 

As this is the most important of all the 
operations in ladder practice, and the slightest 
irregularity or awkwardness in it may cause 
delay or danger, the greatest care is enjoined 
in carrying it out precisely as here directed ; 
and, as in many cases plaster or other sub- 
stances falling from the wall may prevent 
No. r and No. a from seeing the head of the 
ladders properly, No. 3 must carefully watch 
the proceedings, and must tell them which 
way to move, " to the right " or " to the left," 
as the case may be. 

In both these lifts the greatest care is 
necessary to keep the hands steady and the 
elbows touching, as, in the event of the 
slightest neglect occurring in either of these 
particulars, the ladders will either turn out of 
the perpendicular on the wall, or under cer- 
tain circumstances may fall down altogether, 
and be broken. 

"Four" — At this word No. 3 inserts 
another length as before, 

"Five." — No. I and No. z remove their 
hands, and No. 3 takes the same precautions 
as before to ensure that the joint is properly 
made, and also that the ladders are in a 
proper position either for immediate use or 
for adding others on. 
Third i«iii«,.-Pu^K up. " Add another leii^k."—^w\A this be re- 

quired, it will be done exactly as before, in five movements, viz. ; — 
1. Stoop down. 2. Stand up, 3. Push up. 4. Insert the other 
length. 5. Remove the hands and adjust. 

This may be quite safely continued as far as five lengths, and with 
great care and caution as fej as seven, or perhaps eight, but with more 
than this last-mentioned number common scaling ladders are not safe. 

Directions for Using the Ladders. 
When the ladders are used merely for the men to pass up or down, 
one man will place his right foot on the lower round touching the right 
hand side, or his left foot on the same round touchmg the left hand side. 
His knee or leg should press lightly but firmly against the next round, 
ancl his hands should clutch the sides with a strong firm grasp. If this 
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be properly done, he can counteract the spring of the ladders very 
considerably, and increase their strength in a corresponding degree. As 
the men go up or down, he may remove one hand to let them pass, but 
so long as any man is on the ladders, he should not remove either his 
foot, or, unless absolutely necessary, his second hand. 

" Get a length of hose up." — At this order, No, 3 will take a line up, 
and will pass the end from the front over the 
highest available round below the point at which 
the ladders are supported, letting the end come 
to the ground at the back. 

He must ascertain at which side the branch is 
to be used, and he must keep the line close to 
that side, so as not to cross the ladders with it, 
or obstruct the men passing up or down. He 
will then immediately come down (ax enough to 
be able to take hold of the branch when the 
hose has been hauled up, but he must be careful 
not to move while No. i is hauling on the line. 

No, I will take the place which No. 3 had 
when the ladders were being raised; he will 
light up the line to No. 3, keeping, all through, 
the fall in his hand, so as to be ready to haul 
up when the hose is laid out 

No. 2 will lay out a length of hose on the 
ground in a convenient way for hauling up ; he 
will then screw on the branch, and make fast 
the line with two round turns and two half- 
hitches to the proper becket ; and when this has 
been done, he will give the word "haul up" to 
No. I, and will light in the hose under the 
ladders, so that the drag may be as nearly as 
possible vertical, and on no account sideways. 

No. I will now let go the sides with his 
hands, but without removing his foot off the 
lower round, and will haul on the fall of the 
line imtil he has got the hose sufficiently high, 
and in doing this he must be careful to keep his 
hands and arms, and the whole weight of his 
body, close to the ladders. By this he will 
increase the friction of the line passing over the 
round, and will consequently lose a certain 
amount of power ; but he must be careful t 
remember that, if he draws back his body at all, 
he may pull the head of the ladders off the wall, 
and he must therefore on no account neglect the 
precaution here enjoined. 

While No. i is hauling on the fall of the line, 
he may be materially assisted by No. 3, who, 
without moving his body or feet, may throw his 
arms round to the back of the ladders, and help 
to light up the line. 
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When the hose has been hauled up sufficiently high for No. 3 to take 
hold of the branch, No. i should take a turn of the Ime on some conve- 
nient round, and, still keeping the fall in his hand, take hold of the sides 
again, and secure the ladders as previously for No. 3 to pass up with the 
branch ; and as soon as No. 3 has done this, he will probably give the 
order to No. 1 to lower a little, so as to give the becket a swing clear of 
the round, and also to take out any bends 01 loops between the branch 
and the becket. 

As soon as No. 3 has called out that all is right, No. i will for a 
moment remove his iWds from the sides, 
and will pass the line, or a bight of it, from 
the front to the back under some convenient 
round, then from the back to the front over 
the next or second next round above, and 
secure it by a clove hitch on the side about 
halfway between the rounds. No. i will then 
take hold of the sides, as before, and as long 
as any man is on the ladder, he must continue 
to keep charge, unless he is properly relieved. 

No. 2 must see that the hose has a straight 

/i tJr]-^ j \ \\ \ and proper lead up to the ladder, as any 

~r^ J t^=^^sP~'^5>- neglect in this particular may have the effect 

of dragging the head sideways or outwards 

when the engine gets to work. He will then, 

Lin* nude fast if necessary, go up the ladder and assist 

No. 3 ; and, as soon as all is ready, the engine may be started in the 

usual way. 

No. 1 must be careful to keep a firm hold of the sides whenever a man 
is moving on the ladders, and he must, if necessary, caution them not to 
move more than one at a time. 

"Lower the hose down'' — At this order, send word to stop the ei^ne, 
and, when the jet ceases, No. i should haul on the line until the becket 
touches the round over which the line passes. 

No. 3 then comes down with the branch, and when his hands are 
about on a level with that round, he lowers the branch hand-over-hand, 
until it swings by the hose. 

He then sings out " Lower away," and himself remains steady, Na 1, 
on receiving this order, casts off the knot, and lowers down the hose by 
paying out line, and, as soon as the branch and screws are on the 
ground, he lets go by the run. The line should then be cast off the 
becket and unrove, and the men on the ladders should come down one 
by one; No. 1, in the meanwhile, keeping charge, and never leaving his 
post as long as there is a man on the ladders. 

" Strike the Ladders." — At this order the three men take their places 
as at first ; No. i and No. 2 under the ladders, and No. 3 in front 

" One." — At this word No. 1 catches the lower round of the second 
length, near the centre, with his left hand, and the side next him, about 
six inches below the lower round, with his right hand. 

No. 2 catches the same round near the centre with his right hand, 
and the side next him about six inches below the lower round with his 
left hand. 
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The left hand of No. i and the right hand of No. 2 should now be 
touching, and these hands should be clutched on the lower round of 
the second length, knuckles to the back, fingers passed over, and thumbs 
under, to the front, and the left elbow of No. i, and the right elbow of 
No. 2, should touch. 

The right hand of No. i and the left hand of No. 2, should be so 
placed on the sides that in each case the thumb and fore finger should 
be about on a level, the thumb behind, and all the fingers in front, with 
the hands firmly holding the sides of the outer or second length, but 
the points of the fingers not pressed on the sides of the inner or 
lower length. 

" Twor — At this word. No. i and No. 2 raise the ladders, by means 
of their arms, about four inches off the ground. 

" Threey — ^At this word. No. 3 strikes off the lower length by a sharp 
tap of his foot ; in performing this operation considerable skill and prac- 
tice are necessary, to avoid throwing down, or unduly straining, the men 
who are holding up the ladders. A steady pressure is of no use at all. 
It must be done by a sharp, quick tap of the foot, and without any of the 
weight of the body being brought upon it 

^^ Four'' — ^At this word. No. i and No. 2 lower their hands very 
slowly, until the ladders come to their shoulders, casting their eyes as 
much as possible aloft, and taking a short pace back, so as to keep the 
ladders at the same angle from the wall as before. 

" Five" — ^At this word, No. i and No. 2, still keeping their eyes aloft, 
stoop down, until the foot of the ladder touches the ground, bearing the 
weight all through on their hands and shoulders, and as little as possible 
on the wall ; and at the same time being careful not to allow the top 
length to get unshipped by the sockets or rounds catching in projections 
above. 

" Sixr — ^At this word. No. i and No. 2 let go the ladders, and rise up. 

The same process is continued until there are only two remaining ; 
and, as in raising the ladders, No. 3 is responsible for seeing that before 
each change they are in a proper position. No. 3 must also, during the 
movement, watch the head of the ladders, and, in case of its going to the 
right or left, must advise No. i and No. 2 accordingly. 

When there are only two lengths remaining. No. 2 stands aside. 

" One'' — ^At this word. No. i catches the uppen length with both 
hands by the sides, about six inches below the bottom round. 

" Two." — ^At this word, No. i raises the ladders, by means of his 
arms, about four inches off the ground. 

" Three." — At this word, No. 3 strikes off the lower length, as before. 

" Four" — At this word. No. i opens his hands, and lets the ladder 
drop, catching it again, a little above the middle, before it reaches the 
ground. 

Summary. 



Raising two lengths. 
Go on. 

1. Take hold. 

2. Toss up. 

3. Add on the length. 

4. Remove the hands. 



Striking two lengths. 
Strike. 

1. Take hold. 

2. Raise up about 4 inches. 

3. Kick off the length. 

4. Drop down. 
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Raising more than two lengths. 

1. Stoop down. 

2. Rise up. 

3. Push up. 

4. Add the length. 

5. Remove the hands. 



Striking more than two lengths. 

1. Take hold. 

2. Raise up. 

3. Kick off. 

4. Lower down. 

5. Stoop down. 

6. Remove the hands. 



Ladder Drill for Two Men. 



Names of Men. 


xst time. 


2nd time. 


A 
B 


I 
2 


2 
I 



This is almost a precise copy of the drill for three men. 

In the heavy lifts, No. i and No. 2 act together, as before; and in all 
the other movements they take the work of the third man between 
them. 

This, as hereafter described, involves three additional movements; 
but on examination these will be found to be merely the unavoidable 
changes of the men's hands. The principles are so exactly the same as 
those already explained, that when once the men have acquired a 
knowledge of the drill with three working together, they will have very 
little difficulty in carrying it out with two. 

" Stand by to raise Ladders,^' — On receiving this order, the men call 
their numbers i and 2. No. i stands with his back to the wall, and 
No. 2 gets ready the ladders. 

" Go on^ — ^At this word No. 2 places a length of ladder in' front of 
No. I. 

'* One."— As before. 

" Two."— As before. 

" Three." — ^As before, except that No. 2 does all that No. 3 was there 
ordered to do. 

^^ Four." — ^As before. No. 2 then sees that the ladders are safe, as 
No. 3 did in the previous drill. 

" Add another length." — No. i and No. 2 get ready as before. 

" One."— As before. 

" Two."— As before. 

'' Three."— As htioxe. 

^^ Four." — At this word No. 2, without jerking the ladders, quickly 
moves his left hand about four inches down the side, to make room for 
No. I's left hand. 

*^ Five." — At this word. No. i moves his left hand quickly but steadily 
to the left side of the ladder, at the same time, if necessary, taking a 
short pace in that direction, and as soon as he has got a firm hold, he 
says "AU right" 

" Six." — At this word — ^which should never be given until after No. i 
has said " All right " — ^No. 2 slowly and steadily removes his hands, at 
the same time taking every precaution not to jerk or shake the ladders. 



SCALING LADDERS. 23 1 

" SevenP — ^At this word, No. 2 adds another length, as No. 3 did in 
the previous drill. 

" Eight'' — No. I removes his hands, and No. 2 adjusts the ladders. 

" Add another length'' — ^As before, in eight movements, viz. : — 
I. Stoop down. 2. Stand up. 3. Push up. 4. No. 2 shifts left hand. 
5. No. I shifts left hand. 6. No. 2 lets go. 7. Add another length. 
8. Remove hands, and adjust. 

This, with great care, may be continued as far as five or six lengths ; 
but No. I, having only the sides to hold by, can scarcely bear the weight 
of a greater number. 

Whenever the ladders are being raised by only two men, there will be 
no objection to bringing the foot out to a considerable distance from the 
wall, in order to reduce the weight or downward pressure, and, as soon 
as a sufficient height has been obtained, the foot can be carried in so as 
to place the whole at any angle that may be most convenient for use. 

*^ Strike Ladders'' — At this word, No. i stands behind, and No. 2 in 
front 

" One," — At this word, No. i catches the second length with both 
hands by the sides, about 6 inches below the lower round. 

" Two." — ^At this word. No. i raises the ladders about 4 inches off 
the ground, and he may, if necessary, be assisted in this operation by 
No. 2 lifting the lower length. 

" Three" — ^At this word. No 2 strikes off a length, as before, and 
laying it down as quickly as possible, takes hold of the foot of the 
remaining lengths, so as to assist No. i. 

" Four," — ^At this word, both men lower the ladders hand-over-hand 
until they reach the ground. This will be found an exceedingly awkward 
and dangerous movement, and the greatest care will be necessary to pre- 
vent the head from going to one side, as, in the event of this happening, 
it is almost impossible for the men to keep the ladders from falfing. 

" Five'' — Let go the ladders, ahd adjust. 

The same process is continued until there are only two lengths 
remaining, after which the men proceed as in the previous drill, No. 2 
taking the place assigned there to No. 3. 

Ladder Drill for one Man. 

This is hardly worthy of the name of drill, and is added here chiefly 
for the purpose of warning the men that they should never attempt to 
raise the ladders, in either of the modes previously described, except 
when they have at least two skilled firemen present 

When one fireman finds himself obliged to raise ladders single 
handed, his only safe course is to lay the lengths flat on the ground, to 
join them together in that position, and to secure each joint with a 
proper lashing of pocket line or other cord. 

When he has got a sufficient number of lengths together, he should 
bring the heel of the ladders to the wall, and, getting under the head, 
should move inwards towards the heel, pushing up the ladder as he goes 
until it is in an upright position, and then drawing the foot out as far as 
necessary. 

This is called butting ladders, and it is a very safe and convenient 
mode of raising them where there is room enough. 
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The disadvantage of it obviously is, that one man alone could not 
raise more than about four lengths, if so many. To counterbalance this, 
however, it has one very great advantage, which is, that it is generally 
understood by everyone, and that any persons, however unskilled, who 
might happen to be present, even women and children, would be 
able to give the fireman all the aid which he would require for butting 
any reasonable number of lengths. 

For Getting down from an Elevation. 

Firemen frequently find themselves on the top of a wall, in the upper 
stories of a house, or on some other elevation, from which it is necessary 
for them to find their way down by means of ladders, and this operation 
is performed in the following manner : — 

If they have plenty of small line handy, they can put on the lengths 
and lash them together until they have a sufficient number to reach the 
ground, or the level to which they wish to get access ; and, if the room 
or other place in which they have to work be small, they will have to 
launch the lengths out as they are attached, holding on fast to the top 
length. 

If, however, they have not enough small cord, and have to use a large 
line, they must make it fast to one of the rounds of the lower length, 
and merely pass it through, but not make it fast to any of the others ; 
and they must launch the ladders over with great care and steadiness, 
keeping a strain on the line so as not to let the lengths get unshipped as 
they go down. 

The utmost caution is necessary before getting on ladders let down in 
this way, particularly at night, or in dense smoke, when it is impossible 
to know whether the sides are home in the sockets, until a weight is 
put on them. 

GENERAL REMARKS. 

The strength of timber is greatest in the direction of the grain, and 
least across the grain. Ladders, therefore, are strongest when perfectly 
upright, and weakest when horizontal ; and in all intermediate positions 
they have degrees of strength corresponding to the angle at which they 
are placed. 

If, therefore, a very heavy weight of men and hose is to be carried, 
the foot should be brought in as close as possible to the wall ; and then 
a very serious danger arises, which, if not thoroughly understood and 
guarded against, may lead to bad consequences. 

If the ladders are perfectly upright, or nearly so, the pressure of the 
head against the wall is so slight, that the smallest drag outwards on the 
hose or Une, or even an awkward movement on the part of the man 
who is on them, may have the effect of pulling them down altogether. 
It will, therefore, be seen that the greatest strength cannot be got out of the 
ladders without incurring a very considerable risk, and at the same time 
sacrificing nearly all the advantage of having them at a convenient angle. 

Again, if it is impossible — in consequence of areas, uneven ground, or 
other causes — ^to bring in the foot to a reasonable distance, and the 
ladders are consequently at a wide angle firom the wall, great additional 
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care will be necessary to avoid breaking them, as the strain will then be 
thrown on their weakest part, which is across the grain. Under such 
circumstances, therefore, especial care must be taken to see that the 
ladders are not overloaded. 

From these explanations, it will be perceived that it would be at least 
undesirable, if not altogether impossible, to lay down a precise rule which 
would be applicable to every case, and that it must always depend on 
the discretion of the senior present to place the ladders in such a position 
as to obtain from them the best combination of advantages in the way 
of strength, safety, and general convenience, according to the circum- 
stances of the movement. 

A ladder laid horizontally on two walls, or other supports, not more 
than four feet apart, may safely be relied on for men to cross by, one at 
a time ; but if the walls are so far apart that the; ladder is supported 
only by its ends, it is hardly safe. In such a case — ^which should only 
be resorted to in great extremity — the best way of proceeding will be for 
the man to lie down altogether on the ladder, so as to distribute his 
weight over as much as possible of the sides, and to creep over very slowly 
and steadily. A very light plank, however, even a half-inch piece of 
deal laid over a ladder in this position, will have the effect of so distri- 
buting the load, as to make it perfectly safe for a man to walk across. 

Should the walls be so far apart that one length of ladder will not 
reach across, two may be put together and a third laid along, with its 
middle under the joint of the first two, and securely lashed at the ends 
with strong lines, so as to keep the whole together, and to counteract 
the spring, which it would not do if placed above, unless fastened at 
every round, which would involve considerable time and trouble, and 
perhaps require more line than it would be convenient to provide at the 
moment. 

With ladders arranged in this way, a man may, by creeping very steadily 
and carefully, cross over a space of about nine feet ; or if he can procure 
a good one-inch plank to lay over the ladders, he may venture over a 
space of about eleven feet. 

Under certain circumstances, when two lengths are put together, three 
others, also attached, may be fastened under or over them, so as to break 
joint — that is to say, the joint of the two lengths would come in the 
middle of the centre length of the three — and the whole, properly lashed 
together, may be thrown across a space of eleven or twelve feet This 
arrangement, however, owing to the number of ladders required and 
the consequent weight, will be found somewhat difficult, except when 
there is plenty of help on the spot. 

For distances greater than twelve feet across, ladders laid horizontally 
are not safe. 

A ladder has its greatest strength (either with or across the grain) at 
the point at which it is supported; its least strength at the centre, 
between the supports ; and at the intermediate points it has degrees of 
strength exactly corresponding to the distance from the supports. 

Thus, a single length placed on the ground, with its head resting 
against a wall in the usual way, has its greatest available strength either 
at the I St or 6th round, its least strength at the 3rd or 4th round, and 
an intermediate degree of strength at the 2nd or 5th round. 
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Again, if two lengths be put together in the usual way, and placed 
against a wall about lo feet high, so that the upper length will rest on 
the top of the wall above the 5 th round, there will be eleven rounds 
between the supports, and the strength will be as follows, viz. : — 
Greatest at the ist or nth round; next greatest, 2nd or loth round; 
next greatest, 3rd or 9th round ; next greatest, 4th or 8th round ; next 
greatest, 5th or 7th round; least of all, 6th round, that being in the 
middle, between the supports. 

The 1 2th round, being in this case above the point of support, should 
not be calculated on as having any strength at all, inasmuch as any 
weight placed on it might have the effect of tripping the heel of the 
ladders and throwing the whole down; and, in all cases of ladders 
projecting beyond the points at which they are supported, care must be 
taken to avoid placing any weight whatever, either by lines or otherwise, 
above the supports. 

The best round over which to pass a line is the next below the point 
of support ; or, if that round be very near the wall, and any difficulty is 
experienced in getting the line over it, the next round lower down may 
be used ; but it must always be remembered, that the further the round 
is from the point of support, the weaker the ladder is at that spot. 

Precisely the same principle holds good with regard to the rounds 
themselves, their weakest part being the centre, and their strongest 
part at the point next the sides. 

For this reason the line must always be kept close to the side where 
it passes over the round, and for general convenience it is carried down 
and made fast along the same side. 

When time admits, the strength of these ladders can be very con- 
siderably increased by the addition of a strut on one of the middle 
lengths, with a line passing over it from the highest round of the top 
length to the lowest round of the bottom length, and hauled taut. 

If the strut be placed underneath, the line becomes a pair of ties, and 
takes the tension, and by so doing it throws the sides into a state of 
compression ; in short, the whole ladder is converted into a species of 
trussed girder, the strength of which depends on that of the ties. 

With this simple trussing, scaling ladders may be safely used to almost 
any height. 

The peculiar characteristics, which distinguish these ladders from all 
others, are the number and variety of uses to which they can be applied. 
Of these, a few of the most prominent are : — 

I St — That they are of the most convenient and portable description, 
being only 6 feet 6 inches long and about 20 lbs. weight each. 

2nd. — That they can be carried in through houses, courts, narrow 
passages, and many other places into which it would be impossible to 
bring fire escapes or other long ladders, and, after being brought through, 
they can be run up to a height of some 40 or 50 feet in a short time, 
without much risk or trouble. 

3rd. — ^That they can be so arranged and adapted as to form a safe 
and strong medium of communication between the ground and any floor 
or level above, and can also be passed over the eaves of a roof. 

4th. — That they can be used within rooms or on landings, roofs, or 
leads of houses. 
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Sth. — That, in case of the men being obliged to pass from one wall to 
another, they can be so arranged as to form. a safe platform on which to 
cross, and so adapted as to fit any reasonable span. 

6th. — ^That after having been put into position, they may, to a very 
large extent, be used by unskilled persons. 

Some of these advantages can be obtained from the ordinary builders' 
and fire escape ladders, and others from the hook ladders used by the 
French, and other foreign fire brigades ; but the builders' and escape 
ladders cannot be brought through houses or narrow courts, and the 
hook ladders cannot be used inside rooms, except under the most 
favourable conditions ; cannot be passed over eaves of roofs at all; and, 
being suspended and therefore perpendicular, cannot be made available 
for 9ie use of unskilled persons under any circumstances whatever; 
whereas the scaling ladders can, under proper management, be made 
available for almost everything that either or both of the other kinds can 
accomplish. 

The disadvantages and dangers connected with scaling ladders are : — 

I St. — That, in order to have them portable, they are made so light as 
not to be able to carry heavy weights, except in a very upright position. 

2nd. — ^That, for convenience and general adaptability, they are fastened 
together without any cross stay, or other means of resisting the effects of 
an unequal pressure on the two sides ; and, in the event of a slight fall, 
if one leg strikes the ground before the other, the whole ladder is likely 
to be wrenched out of shape. 

3rd. — ^That, if they be raised to 30 or 40 feet, the whole height must 
consist of several short lengths, with a corresponding number of joints, 
and consequently an irregular strength and an unequal spring 
throughout 

T^ing, however, all things into consideration, there does not, up to 
the present time, appear to be any description of ladder so suitable for 
the general purposes of a fire brigade; and with properly trained 
firemen, who know how to avail themselves of the advantages and to 
avoid or neutralise the disadvantages, they may be so managed as in a 
great degree to combine the merits of all the other ladders hitherto 
brought into use. 
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FIRE ESCAPES 



AND THE 



RESCUE OF LIFE FROM FIRE. 



INTRODUCTORY. 

The business of saving life from fire is one embracing so many and 
such various branches, not only of professional knowledge, but also of 
personal qualities, that any instructions laid down for the purpose, how- 
ever carefully and skilfully prepared, must under particular conditions 
necessarily prove imperfect. 

Notwithstanding, however, this unavoidable drawback, there are 
certain general directions, which under ordinary circumstances may 
prove useful to men entrusted with this responsible duty ; and which, if 
thoroughly understood in their true spirit — not as absolute rules, but 
rather as a species of suggestive instruction — may assist men placed under 
difficult circumstances in deciding quickly and accurately as to the best 
course to be pursued according to tlie exigencies of the moment 

If all houses were exactly alike, with the same contents, the same 
number of inmates, those persons of the same ages, the same conditions 
of activity or helplessness, and occupying the same parts of the houses, 
it might be possible to lay down precise rules for their rescue ; but, when 
it is remembered that not only are these circumstances never alike in 
any two cases, but that the time of the call being sent away from the 
house on fire, the time of its being received at the escape station, and 
the time of the arrival of the escape, all depend on a number of con- 
tingencies, which differ most materially, and can never in any way be 
foreseen, it will at once be obvious that, in almost all cases, everything 
depends on the quickness, presence of mind, and personal activity of the 
fireman in charge, who, of course, before being placed on such a duty, 
must have received complete instructions as to the use and management 
of the machine under all circumstances, of whatever kind. 

The following general instructions have been prepared for the purpose 
of reducing to regularity and method the several distinct branches of 
knowledge connected with the use and management of fire escapes : — 

They consist of four parts, namely — 

I St — ^A description of a fire escape, giving in detail the names and 

uses of the several parts. 
2nd. — ^A course of drill. 
3rd. — ^The method of making an inspection. 
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4th. — The general mode of carrying on the duty of saving life from 
fire — which is, in fact, the practical application of the information 
contained in the three other parts. 

The modes of rescue here indicated are those which, in ordinary 
cases, may be expected to be successful ; but it is obvious that there 
may be, under certain circumstances, many others, and many combina- 
tions or adaptations of these ; and the fireman in charge of an escape 
should not on any account follow any part of the directions here given, 
unless it commend itself in every particular to his judgment and discre- 
tion at the moment. 

It is to be distinctly understood that this is a book of instructions, 
not of orders ; that a fireman should be considered responsible for doing 
the best according to his judgment ; and that the fact of his following 
any one or more of the modes here pointed out will not relieve him in 
the smallest degree from that responsibility, unless he is able to testify 
absolutely, and without reservation, that the course pursued by him was 
that which he himself considered best at the moment of adopting it. 

If these instructions be thoroughly understood in this light, and 
diligently and thoughtfully studied during the hours of rest and leisure, 
they cannot fail to become the means of assisting firemen in that most 
important part of their business, which consists in forming quick and 
sound judgments as to the best practical means of saving life under 
difficult circumstances and in great emergencies. 

GENERAL DESCRIPTION. 

A Fire Escape is a ladder mounted on a carriage with four wheels, 
two high and two low. When all the wheels are on the ground, it 
stands at an angle of about 25 degrees from the perpendicular, and 
would fall over unless supported either by being pitched against a wall, 
or balanced by a pressure at the end of the folding lever attached to the 
carriage. 

Fire escapes are of various sizes and patterns, and differ considerably 
in certain small matters of arrangement of parts, and so forth ; but the 
best of those in use are for the most part similar in all the essential 
points. 

Description of a Fire Escape, 

with ladders, of the following dimensions, namely — 

Feet. Inches. 
Main ladder ... ... ... 31 o 

Fly ladder 19 2 

First floor ladder 15 10 

Supplementary length ... 10 i 

High Wheels. 

This machine has two high wooden wheels, with iron tires i J inches wide 
and 7-i6ths of an inch thick; the spokes are of oak, the felloes ash, 
and the stocks elm ; the height is 5 feet 6 inches, the width outside the 
tires 6 feet, and outside the naves or stocks 6 feet 5 inches ; the naves 
are 9 J inches long ; each wheel has an iron box *]\ inches long, and 
7-i6ths of an inch thick. 
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Axle. 

The axle is of best fagotted iron, 2 J inches in diameter at the centre, 
if inches square under the springs, and if inches in diameter in the 
arm at the shoulder, and fitted with flaps 2 inches wide, J inch thick, 
and 6 inches from end to end, to take the spring blocks ; the length of 
the axle is 4 feet 10 inches fi:om shoulder to shoulder, and the total 
length 6 feet 4 inches ; the axle is fitted at the ends with right and left 
handed screwed nuts and linch-pins. 

Springs. 

The machine is hung by means of scroll irons on a pair of the best 
town-made steel springs without joggle plates, 4 feet long, with a single 
sweep; the springs consist of 7 plates, each 2 inches wide, and the 
whole 2 inches thick at the centre ; the top or tension plate is of No. 2 
Birmingham gauge, and the others of No. 3 gauge ; the top plates, at 
both ends, are bent round into 5-8th inch eyes so as to clutch the bolts 
by which they are secured ; the springs are attached, at the front end, 
direct to the scroll irons, and, at the hind end, to a pair of double spring 
shackles 4 inches in length, if inches wide at the ends, i inch at the 
centre, and 7-i6ths of an inch thick. 

Front Scroll Irons. 

The front scroll irons are of best wrought iron, i J inches wide by 
7-8ths of an inch thick, bent round to a proper arc ; they are partly 
flattened where they are secured to the frame, and are secured by two 
screw bolts and nuts ; the lower end is flattened out to 3f inches wide 
and I inch thick, and is made with a slot, 2 J inches inside, to take the 
fore end of the springs, and is fitted with two eyes i J inches outside ; 
the inside is made to take a 5 -8th inch bolt. 

Hind Scroll Irons. 

The hind scroll irons are of best wrought iron, of the same substance 
as the front scroll irons, and made and secured at the top in the same 
manner; the bottom is 2 inches wide and i^ inches in diameter, 
with 5-8th inch eyes to take the hind cross-bar and the shackles of the 
springs. 

Spring Blocks. 

Blocks of wood about 2 J inches in depth are placed between the 
springs and the axle, so as to raise the whole carriage, and are fastened 
on with a plate, clip, and nuts in front, and a bolt passing through the 
block behind. 

Front Cross-bar of Springs. 

The front cross-bar of the springs is a straight wrought-iron bar, 3 feet 
4f inches long, and | inch in diameter, with turned flaps to fit inside the 
two scroll irons, and eyes to take the front spring bolt, and to keep the 
springs firmly in their places. 

Hind Cross-bar of Springs. 

The hind cross-bar of springs is a wrought-iron bar, 4 feet and | inch 
long, and i^ inches in diameter, cranked to a depth of about 6 inches, 
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for the purpose of taking the men's feet when getting on or off the 
carriage lever while the main ladder is lowered ; this bar is fitted loose 
in the eyes of the hind shackles, so as to allow the crank to change its 
position. 

Carriage. 

The carriage is composed of two parts, called respectively the top 
and bottom carriage frames ; the bottom frame is attached to the axle 
of the high wheels by scroll irons and springs ; the top frame is sup- 
ported from the bottom frame by a system of stays, and is on a level 
with the main ladder. 

Bottom Carriage Frame. 

The bottom carriage frame is a rectangular wooden frame 4 feet 4 
inches long, and 3 feet 10 inches wide, the two sides projecting about 
2f inches at each end beyond the transverse bars ; it is of best well- 
seasoned ash, and is secured by morticed joints at the angles ; the front 
part is slightly cut away or dipped in the centre, so as to clear the shoot 
and hammock ; the whole of this firame is underneath the main ladder. 

Shipping Hooks. 

On the front bar of the lower carriage frame two shipping hooks 
are fitted, of sufficient strength to carry the ist floor ladder when not in 
use. 

Upright Stays. 

At each side of the bottom carriage there is one straight bar of wrought 
iron I foot 5 inches in length, bent at the ends, and secured to the carriage 
firame by bolts and nuts, for the purpose of supporting the top carriage 
frame ; the bar should be of sufficient strength for the purpose. 

Hind or Bent Stays. 

At the hind or lower end of the bottom carriage there are four bars 
of wrought iron, curved so as to meet the lower end of the main ladder 
and the hind end of the top carriage frame, which protrudes about 2 
feet beyond the corresponding part of the bottom firame ; the bars should 
be of sufficient strength for the purpose. 

Cross-bar of Hind Stays. 

There is a wrought-iron bar, 3 feet 10 inches long and i inch in 
diameter, fitted across the centre of the bent stays, and secured to them 
by bolts and nuts to keep them in their places. 

Split Stays. 

There are two wrought-iron bars, i\ inches wide and 7-8ths of an inch 
thick, each attached in two places to the front part of the bottom carriage 
frame : these stays are ciured at the top ; the bottom is spUt and curved, 
and fastened to the bottom carriage frame with two bolts and nuts, 
for the purpose of supporting the main ladder, to the sides of which 
they are firmly fastened with one bolt and one screw. 
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Long Side Stays. 

There are two wrought-iron bars, 5 feet 4 inches long and | inch in 
diameter, flattened at each end, and extending from the fore part of the 
bottom carriage to the sides of the main ladder, at a distance of about 
10 feet from the heel-board, each secured to the front end of the side of 
the lower carriage by two bolts and nuts and one screw, and to the side 
of the main ladder by one bolt and nut and two screws ; these bars are 
to take the side thrust of the main ladder when loaded or travelling. 

Top Carriage Frame. 

The top carriage frame is a rectangular frame, consisting of two 
wooden sides, a wooden heel-board, and an iron cross-bar; the sides 
are of ash, 3 inches deep and ij inches thick, and the cross-bar is a 
strong bar of best wrought iron, | inch in diameter, passing through 
the sides of the main ladder, of which it forms the lower round ; this 
bar is cut with screws at each end to receive the lever line elects and 
ferrules, which also form nuts to keep the bar in its place ; the elects 
are 6 inches long, i J inches wide, and 5-8ths of an inch thick, and are 
tapered at the ends. 

Heel-Board. 

The heel-board, or lower part of the top carriage frame, is of ash, 8 
inches deep and i^ inches thick ; this acts as the lower support of tiie 
main ladder. 

Side Ladders. 

The top frame is on a level with the main ladder, its sides forming 
the outer legs of two side ladders, the inner legs of which are formed of 
the lower part of the main ladder, which should have no inside spokes for 
about 7 feet from the bottom; in addition to the top and bottom 
supports, by means of the cross-bar and heel-board, it is further strength- 
ened on each side by 5 oak rounds, with two bolts or rivets on the 
second and fourth respectively from the bottom. 

Side-Ladder Handles. 

• 

On the outside of each of the side ladders is a fixed bent iron bar, 
i inch in diameter and about 2 feet 6 inches in length, secured to the top 
carriage frame by two bolts and nuts passing through T flaps at each 
end ; these are used as handles for the men to hold on by, and prevent 
them from falling on the high wheels. 

Lug Irons. 

At the lower end of the sides of the top carriage frame, there are fixed 
3-8th inch plates, 3 feet 3 inches long, i J inches wide, bent so as to form 
a clamp round the bottom end of the top carriage frame, and extending 
upwards about i foot 6 inches both at the back and front; there are welded 
to the same, at a distance of 5 inches from the bottom, a pair of lug 
irons, i J inches wide, and 3-8ths of an inch thick, to act as a part of the 
hinge attaching the carriage lever ; the other part is formed of the corre- 
sponding irons on the carriage lever. 
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Small or Lever-Wheel Axle. 

There is fitted to the lower end of the top carriage firame an axle for 
the small or lever wheels, made of the best wrought iron, ij inches 
wide, and J inch thick ; the arm of the axle is 5 inches long, i inch in 
diameter at the shoulder, and tapered to 7-8ths of an inch at the outer 
end, and it is fitted with washers and linch-pins ; the length between the 
shoulders is 4 feet i inch, and the total length 4 feet 1 1 inches. 

Small or Lever Wheels. 

On the axle above mentioned, there are fixed two small wheels, 
made of best cast iron, i foot 3 inches in diameter. 

Scotch Blocks. 

There are four wooden blocks, 9 inches long and 4 inches thick, two 
for each of the high wheels, attached to the spring blocks of the large 
axle by chains, and made to hang up when not in use ; the hind blocks 
are fitted with iron shoes to take the felloes of the wheels, and with 
chains, i foot long, to keep them steady. 

Hind Scotch Hooks. 

On the side ladder, at a distance of about 2 feet 6 inches fi*om the 
bottom, there are fixed a pair of small iron hooks, for the purpose of 
hanging up the hind Scotch blocks. 

Front Scotch Hooks. 

There are mounted on the front cross-bar of the springs a pair of small 
S hooks, for the purpose of hanging up the front Scotch blocks. 

Bucket Hook. 

A strong wrought-iron S hook is secured round the centre of the axle 
for hanging a bucket on. 

Carriage Lever. 

There is attached at the lower end of the top carriage a hinged fold- 
ing frame, 6 feet long and 3 feet 10 inches wide, consisting of two outer 
sides, two inner sides, a foot-board, and a top or hand iron ; both outer 
and inner sides are 3 inches by if inches at the bottom, where they are 
hinged, and slightly tapered towards the outer ends ; the foot-board is 
5 inches deep and ij inches thick; the sides and foot-board are of ash ; 
the hand iron is a bar of wrought iron, i inch in diameter at each end, 
and I J inches in the centre, extending along the top or hind end, bent 
at the ends about 8 inches, and seciured by bolts and screws to the outer 
sides, and by iron clamps to the ends of the inner sides ; the whole 
frame is firmly joined together at the angles, and further strengthened by 
three oak rounds between each pair of sides, which form a pair of side- 
ladders for the carriage lever ; the top and bottom rounds of these side- 
ladders are strengthened by wrought-iron rivets or bolts, to keep the 
sides securely together; the lever frame has, between the two inner sides, 
an open space corresponding to the lower part of the main ladder. 
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Sliding Bolt Sockets. 

On the two outer sides of the carriage lever there are fitted a pair of 
iron sockets, 2 J inches wide and J inch thick, to take the lever slides. 

Clips for Handspike Lever-Chains. 

There are fitted to the outer sides of the carriage lever a pair of iron 
clips, I J inches wide and J inch thick ; each cHp is fastened with a bolt 
and nut, projecting about i J inches on the under side, and fitted with 
eyes to take the bolts and chains of the handspike levers. 

T Plates for Lever Stays or Hooks. 

On the outer face of the inner sides of the carriage lever frame, there 
are fitted, at about 3 feet from the lower end, a pair of T plates, 6 inches 
long, I J inches wide, and 3-8 ths of an inch thick; these T plates are 
about 3 inches long ; they are slightly curved, pierced at the end with 
an eye to take a 7-8th inch stay, and fastened with two bolts and nuts. 

Carriage-Lever Hinge. 

The lever frame is attached to the top carriage frame by means of a 
pair of lug irons, through which a J-inch bolt is passed, thus forming a 
complete hinge ; the lug irons are welded to a flat wrought-iron plate, 3 feet 
3 inches long, i^ inches wide, and J inch thick; this plate is bent so as 
to form a clamp round the bottom of the carriage lever, and extends up 
the sides about i foot 6 inches, both at back and front; there are also a 
pair of lug irons, welded on the same plate, about 3 inches from the bot- 
tom, which form part of the hinge of the handspike levers. 

Lever Irons or Stays. 

The carriage lever is set up by two wrought-iron bars or stays, 3 feet 9 
inches long and 7 -8 ths of an inch in diameter, which are attached loosely 
to the lower part of the main ladder by means of strong bolts ; they are 
bent at their outer ends to a right angle, and enter two eyes in the T 
plates, where they are secured by split keys, which are attached by 
chains fitted for the purpose ; the carriage lever, when set up, is out at 
a right angle from the foot of the main ladder, and acts as a sufficient 
lever for one man to keep the main ladder in its proper position when 
not travelling. 

Sliding Bolts. 

On the outer sides of the carriage lever there are fitted a pair of flat 
slides, each 5 feet by 2 J inches by f inch, plated with iron 4 feet 6 
inches by 2J inches by J inch, made to move up and down in iron 
sockets fitted to the carriage lever, for the purpose of steadying the 
lower part of the main ladder when the lever wheels are off the ground; 
the upper ends of the slides are fitted with leather straps to slip over 
hooks screwed into the side of the lever, so that they can be fastened 
up when not in use. 

Extra or Handspike Levers. 

The escape is mounted with a pair of extra levers below the carriage 
lever; these handspike or assistant levers are of ash^ 6 feet long, 2 inches 
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Wide, and 4 inches deep ; at a distance of about i foot 5 inches from the 
hinge the depth tapers from this point to about 2 inches at each end ; they 
are attached to the underneath part of the carriage lever by means of 
plates and lug irons similar to the lever lug irons ; each of the lug irons 
is fitted with a hole for the bolt to take the assistant lever-chain ; this 
chain is attached to the carriage lever frame by clips, which pass round 
the outer sides, to which they are secured by two bolts each; the hand- 
spike levers, when not in use, are secured by a chain to a hook on the 
inner face of the outer sides of the carriage lever. 

These are for the purpose of providing greater leverage, when the 
head of the machine is near the ground. 

Main Ladder. 

The main ladder is 31 feet in length, and is i foot 5 inches wide 
between the sides. 

Sides. 

The sides are of the best Swedish fir, 4 J inches deep and 2 J inches thick 
at the bottom, and 3 inches deep and 2 inches thick at the top; free 
from objectionable knots, and strengthened with the best homogeneous 
steel-wire rope, galvanized and consisting of one strand of seven wires 
let in from the top to the bottom, both at back and front ; each wire is 
of No. 15, Birmingham Wire Gauge. 

Rounds. 

The wooden rounds of the main ladder are 20 in number, of best oak, 
with double shoulders where they enter the sides, and further strength- 
ened by wrought-iron rivets or bolts at the ist, 6th, nth, 15th, and 
20th rounds respectively ; the 7th and 8th rounds from the top have a 
space of I foot 10 inches between them, the 8th and 9th a space of i foot 
3 J inches, and all the other rounds a space of i foot ; the rounds are 
turned from cleft — not sawn — pieces of oak, so as to insure their not 
being cross grained in any part. 

Manhole. 

The remaining part of the main ladder at tiie bottom is without 
rounds, for the purpose of getting persons out quickly. 

Heel Plates. 

The main ladder is attached at the lower part to the heel-board of 
the top carriage frame by wrought-iron plates, i foot 7 inches long, 
1 1 inches wide, and 5-8ths of an inch thick, fastened with three screw 
bolts and nuts, and at the upper end of the top carriage frame by 
the iron cross-bar previously mentioned, which passes through both 
sides about 6 feet from the bottom, and forms the lower round ; the 
bent iron plates project 3 inches beyond the top of the heel-board, so 
as to form a stay for the carriage lever. 

Trussing Irons. 

The main ladder has, at suitable distances apart, two semi-circular 
trussing irons of J-inch round iron, each with 4 slots, and secured to the 
main ladder by each end clipping the ladder side, the ends of the clip 
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being connected by a bolt and nut through the sides of the ladder ; 
these trussing irons are secured from moving from their proper position 
by diagonal side stays, 3-8th inch iron, i foot 8 inches in length, 
flattened at the upper end and secured to the main ladder by 3 screws ; 
the lower end is pierced with an eye, and seciured to the first slot of the 
trussing iron by a bolt and nut ; the struts, when made in this shape, help, 
together with the wire rope, to preserve tiie shoot from injury. 

Parallel Trusses. 

The main ladder is strengthened from underneath by two galvanized 
homogeneous steel-wire ropes, 3-i6ths of an inch in diameter, made of 
7 wires of No. 16 B. W. G., fastened at the bottom to straining hooks 
of 5-8th inch round iron, with a screw and nut, set in lug irons or 
holdfasts, I J inches wide, 5-8 ths of an inch thick and 7 J inches long, bent 
to a right angle at 2 inches, and pierced with an eye to receive the bar 
of the straining hook ; these holdfasts are bolted on to the sides of the 
main ladder at a distance of about 4 feet from the heel-board; the 
trusses, starting from this point, pass through the upper slots in the semi- 
circular struts or trussing irons, and are fastened to the top of the main 
ladder by bolts passing through the sockets of the head iron ; they 
have thimbles at both ends, and chains at the lower ends. 

Crossed Trusses. 

The main ladder is also further strengthened by two galvanized 
homogeneous steel-wire ropes, of the same size as the parallel trusses, 
fastened at the bottom with J-inch round iron straining hooks and chains 
to the top bar of the lower carriage frame, passing then through the 
lower slots in the before-mentioned trussing irons, and crossing from the 
upper trussing irons diagonally to opposite ends of the head iron cross- 
bar, where they are secured. 

Head Iron. 

Under the top of the main ladder there is fitted a nearly rectangular 
wrought-iron frame or head iron, with wheels of about 6 inches in diameter, 
to facilitate the raising or lowering of the machine when touching a wall ; 
the head iron consists of two round upright stays, i foot 8 inches long 
and 9-1 6 ths of an inch thick, with sockets to fit over the head of the main 
ladder; from the front of these sockets there are bent irons, 3 inches long, 
with eyes through the ends, to which are attached shackles to receive the 
man-ropes extending from the head of the main ladder to the outer end 
of the carriage lever ; these sockets are secured in their places by bolts, 
which also serve for the trussing lines ; the rectangular frame is sup- 
ported by two diagonal stays, 9-i6ths of an inch in diameter, 2 feet 
6 inches long, each stay being secured to the main ladder side by a clip, 
which passes round the side, and the two ends of which are connected 
by a bolt over the top ; the bottom of the head iron forms a cross-bar 
or axle for the two small wheels, and is of |-inch round iron, 2 feet 
4 inches in length, fitted with shoulders and arms 3jth inches long, 
with a screw and nut at each end. 

Spreading Iron. 
On the inside of the head iron there is a semi-circular round rod or 
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Spreading iron, 9-i6ths of an inch in diameter; the ends are bolted on 
to the upright stays, and the outer bend is secured in its place by a 
wrought-iron bolt, with ferrule about 2 J inches long, to the cross-bar. 

T Plates for Fly Ladders. 

The main ladder has bolted on it, at a distance of about 23 feet from 
the bottom, fourT plates, 10 inches long, 5 J inches deep in the bends, 
lA inches wide, and 5-i6ths of an inch thick, two at each side ; these 
T plates are perforated with eyes, through which is passed a cross-bar, 
5-8ths of an inch thick, screwed at each end and fitted with nuts ; this 
cross-bar acts as a spindle on which to hinge the fly ladder, and on its 
ends are placed two levers, described further on, made to move freely 
with and on the bar. 

Guy Lines. 

The main ladder is strengthened by two galvanized malleable iron-wire 
ropes, 5-i6ths of an inch in diameter, made of 35 wires of No. 20 B. W. G., 
with thimbles at each end, attached to bolts fitted for the purpose over 
plates 2 J inches square, at a distance of about 20 feet 6 inches from the 
bottom of the main ladder, and to hooks placed on the extremity of the 
carriage lever set up by means of double screw swivels, made to turn 
round with a small bar ; the swivels have fitted on them a pair of gal- 
vanized iron S hooks to fasten the outer ends of the hammock to. 

Man- ropes. 

Two man-ropes, extending from the head iron to the extremity of the 
carriage lever, are fitted so as to serve as a hand-rail for the main ladder. 
These man-ropes are of 2 J-inch hemp rope ; the upper end of each is 
fitted with an eye, a thimble, and one link of chain, and is shackled to 
the head iron ; the lower end is fitted with an eye, a thimble, and a 
chain, by which it is attached to a hook on the outside of the carriage 
lever. 

Swinging Lamp Irons. 

At a distance of about 1 1 feet from the bottom there are fitted a pair 
of plates, 3 inches square, with swivel arms screwed on to the outer sides 
of the main ladder with 4 screws, so as to carry a pair of copper lamps 
in an upright position whether the machine is pitched or lowered ; the 
arm is S^ inches long, i inch thick, £ind the outer end is slotted. 

Double-Sheave Blocks. 

On the sides of the main ladder there are fixed, at about 2 feet 6 inches 
from the top, a pair of double-sheave cheek blocks, the inner plates are 
I foot 6 inches in length, J inch thick, and 3 inches wide ; the outer plates 
are about i foot 4 inches in length, J inch thick, 3 inches wide, and bent 
at right angles to the right and left, so as to form the outer side of the 
block ; the sheaves are 4 inches in diameter and f inch thick, and are so 
placed that the extra hauling-lines pass freely between them. 

Hanging Irons. 

The main ladder has fixed underneath it, at a distance of about 19 
feet from the bottom, a hanging iron, consisting of two round iron bars 
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J inch in diameter, 2 feet 6 inches long, flattened at the upper ends and 
seciured to the outer sides of the main ladder by means of a bolt and nut 
and 4 screws ; the lower end is fitted with an eye to receive a J-inch 
bolt about I foot 8 inches long, on which is fitted a roller, each end is 
provided with a screw and nut ; this hanging iron is adapted to hold the 
head of the first-floor ladder. 

Main Ladder Props. 

The main ladder has fitted to it, at about its centre, a pair of wooden 
bars, or props, hung on staples, for the purpose of supporting that part 
when the machine is lowered, and made to fasten to the sides of the 
main ladder when not in use ; the staples are not driven into the sides 
of the main ladder, but are ri vetted on to plates 5 J inches long and 2^ 
inches wide, J inch thick, which are attached to the sides by means of 

4 wood screws. 

Wire Shoot. 

Underneath the main ladder, extending fi*om the top to within about 

5 feet 6 inches from the bottom, there is a semi-circular or trough-shaped 
shoot, made of woven copper wirework ; the mesh is rectangular, and 
3-8ths of an inch wide, and each wire is of No. 16 B. W. G. ; each piece 
of wirework is selvedged all round with tinned copper wire of No. 9 
B. W. G. ; each wire is attached to the selvedge by being passed once 
round it, and then twisted round itself; the shoot is attached to the 
sides of the main ladder by staples, clipping the selvedge, and driven 
into the ladder sides at intervals of about i foot; for additional 
security, strips of copper plate are looped round the selvedge at intervals 
of about I foot, and firmly secured by screws to the ladder sides; 
the shoot is attached at the top and kept open by being lashed securely 
with copper wire to the spreading iron ; the wirework is put on in three 
separate pieces ; the two upper pieces are each 10 feet by 3 feet 8 inches, 
and the lower one 5 feet by 3 feet 8 inches ; the pieces are connected 
by being bound with copper wire, and each joint is covered with a strip 
of canvas closely sewn all round ; the bottom end of the wirework is 
bound with canvas. 

Apron Hammock. 

At the bottom of the wirework there is a moveable hammock or 
apron, made of the best No. i canvas, to receive and break the shock 
of a person descending the shoot; this hammock is 9 feet 10 inches 
by 3 feet 6 inches, and fitted with eyelet holes to enable it to be laced 
to the escape ; the hammock is gusseted in such a manner as to give it 
when in use an easy sweep, and is secured at the upper end by being 
laced with cord to the main ladder, and at the lower end by being 
hooked to the guy lines about 2 feet from the bottom ; the centre of the 
hammock has also 2 eyelet holes to allow the water to escape ; the ham- 
mock has also 3 eyelet holes at each side of the lever end about 4 inches 
apart ; the canvas is strengthened at this part with lining pieces. 

Fly Ladder. 

The fly ladder is about 19 feet long, and is i foot 5 inches wide 
between the sides. 



FIRE ESCAPES* 247 

Sides. 

The sides are of the best young Swedish fir, or white Christiaiiia, 
3 inches by 2 inches where hinged on, and slightly tapering towards the 
upper end, free fi:om objectionable knots, and strengthened by galvanized 
homogeneous steel-wire rope let in throughout the whole length, both 
at back and front ; the top ends are protected by zinc plates, to prevent 
the wood being split or damaged by rough walls. 

Rounds. 

The rounds of the fly ladder are 17 in number, and are of the best 
oak, turned from cleft — not sawn — ^pieces, with double shoulders where 
they enter the sides, and further strengthened by wrought-iron rivets or 
bolts at the ist, 5 th, 9th, 13th, and 17 th respectively, to keep the sides 
firmly together. 

Trussing Lines. 

To prevent the fly ladder fi*om being strained, the two sides are 
trussed underneath with homogeneous steel-wire rope, galvanized ; the 
upper end of each rope is secured to a holdfast i inch wide, 3-8ths of an 
inch thick, and 5 J inches in length, bent to a right angle at i J inches, 
and pierced with an eye to take a 3-8th inch screwed hook, to enable it to 
be tightened ; the rope thence passes through the eyes of two struts to the 
lower extremity of the ladder, where it is secured to the ends of the 3-8th 
inch iron bolt of the first round ; these struts, of which there are four 
to each fly ladder, are not bolted to the ladder side, but are made to 
clip round it, and are fastened by a bolt connecting tiie two sides of the 
clip without passing through the wood ; the struts are i inch wide, 
\ inch thick, and project 4^ inches below the sides of the ladder ; the 
eyes in the struts, through which the trussing lines pass, are fitted with 
bolts, nuts, and rollers. 

Clamp Irons. 

The sides are fitted with two pairs of clamp irons or sockets to 
receive other ladders ; these damp irons are 6 inches long, 5 inches in 
the bend, \ inch thick, i inch wide, half round in the centre, and they 
are turned to a right angle at about 2 inches firom the end, and 
secured with bolts cind nuts ; one pair is fixed about i foot 5 inches 
firom the top, and the other pair about 2 feet i inch lower. 

Side-Plates and Cheek-Plates. 

At the lower end of the sides there are screwed two outer side-plates, 
or strong pieces of flat metal, 3 feet 4 inches long and \ inch thick, and 
two inner side-plates, about i foot long and 1-8^ of an inch thick ; the 
outer side-plates have rivetted on to tihem cheek-plates, 8 inches long, 
I inch wide, and \ inch thick, morticed out to receive the tongues of 
the fly-ladder levers ; on the end of each side-plate there is cut a 
diagonal opening to receive the lever spindle. 

■ 

Fly-Ladder Levers. 

The fly-ladder levers are of wrought iron, of sufficient strength, about 
4 feet in length from the cross-bar or spindle, and are pierced at the 
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outer ends by a hole or eye, to which the hoisting ropes or lever lines 
are hooked on; the levers are kept in their places by thumb-screws 
passing through the cheek-plates and ladder sides; the thumb-screws 
are hung loosely on chains fitted for the purpose. 

Fittings. 

The fly ladder is so fitted that, when it is not in use, it can be folded 
over and carried with its head downwards, supported by the lever hinge 
before mentioned, and resting on the sides of the main ladder ; it is set 
free firom the main ladder by withdrawing the thumb-screws, and shifting 
the lever out of the cheeks, so that it can be used alone. 

Lever Lines and Cross-heads. 

To equalize the strain on the fly-ladder levers, when in use, the two 
extremities are connected by a strong wrought-iron bar or cross-head, of 
the same length as the width apart or distance between the extremities 
of the fly-ladder levers ; this bar is hung underneath the shoot by two 
pieces of galvanized wire rope, each 4 feet 6 inches long ; the centre 
of the horizontal portion of the cross-head, or hanging bar, has an eye, to 
which the hauling ropes are made fast over a thimble. 

Extra Hauling Lines for Fly Ladder. 

On the outer sides of the fly ladder there are fixed, at a distance of 
II feet from the bottom, two clamped lugs, with eyes, to which are 
attached, by means of spring hooks, two 2^-inch rope hauling lines; 
these lines pass through double sheaves, the plates of which are bolted 
on, as previously described, to the sides of the main ladder, at about 2 
feet 6 inches from the top ; to equalize the strain, the lines are spliced 
imdemeath the main ladder to the ends of an iron bar, or cross-head, 
and to an eye in the centre of this cross-head the upper hauling line or 
bell rope is attached. 

First-Floor Ladder. 

The first-floor ladder is about 16 feet long, and i foot i inch wide 
between the sides, and is capable of being pushed into the sockets of 
the fly ladder, or hooked on to the rounds of the main ladder. 

Sides. 

The sides are of the best young Swedish fir, or white Christiania, 
2 J inches deep and if inches thick, free from objectionable knots, 
strengthened by galvanized homogeneous steel-wire ropes let in through- 
out the whole length, both at back and front, and protected at the top 
ends by zinc plates. 

Rounds. 

The rounds of the first-floor ladder are 14 in number, made of the 
best oak, turned from cleft — not sawn — pieces, with double shoulders 
where they enter the sides, and further strengthened by wrought-iron 
rivets or bolts at the ist, 6th, loth, and 14th respectively. 

Spring Hooks. 

The first-floor ladder has fixed to it, at a distance of about 3 feet 3 
inches from the bottom, a pair of spring hooks, of sufficient strength, 
made to fix on the rounds of the fly ladder or main ladder. 
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Stay Iron. 

There is fixed, at a distance of about 6 feet lo inches from the bottom, 
and above the 6th round, a rectangular metal frame, with cross-bar and 
plates, made so that it can be fastened to the sides by a leather strap, 
and when the ladder is attached, the strap is let loose and the stay falls 
out to a right angle from the ladder, at which point it is fixed by a pro- 
jecting metal lug or bolt ; the plates are 4 inches long, 2 inches deep, 
and ^ inch thick, fastened with screws to the side of the first-floor 
ladder ; when the ladder is loaded, this stay touches the wall, and thus 
prevents the sides springing or bending too much ; the stay iron is made 
of the best wrought iron, 2 feet 2 inches long, i foot 8 inches wide, and 
5-8ths of an inch in diameter. 

Fittings. 

The first-floor ladder, when not in use, is carried underneath the 
main ladder; its head being supported by the hanging-iron before 
mentioned, and its lower end fixed by the bottom round resting on the 
two shipping hooks projecting from the top of the lower carriage frame. 

Supplemental, or Short Length. 

The supplemental length is about 10 feet 2 inches long, and i foot 

1 inch wide between the sides, and is capable of being pushed into the 
sockets of the fly ladder, or hooked on to the rounds of the main 
ladder. 

Sides. 

The sides are of the best young Swedish fir, or white Christiania, 2 J 
inches deep and li inches thick, free from objectionable knots, 
strengthened by galvanized homogeneous steel-wire rope let in through- 
out the whole length, both at back and firont, and protected at the top 
ends by zinc plates. 

Rounds. 

The rounds of the supplemental length are 9 in number, made of the 
best oak, turned fi:om cleft — nof sawn — pieces, with double shoulders 
where they enter the sides, and further strengthened by wrought-iron 
rivets or bolts at the ist, 5 th, and 9th respectively. 

Spring Hooks. 

A pair of spring hooks, of sufficient strength, are fixed at a distance of 

2 feet 8 inches from the bottom, and are made to fix on the rounds of 
the fly or main ladder. 

Fittings. 

The supplemental length, when not in use, is carried in fi^ont of the 
main ladder, on the lower round of which it is supported by its spring 
hooks. 

Bolts. 

All bolts passing through woodwork are fitted with plates or washers, 
to prevent the heads or nuts drawing through the wood. 
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Hand-pump Box. 

There is fitted within one or both sides of the bottom carriage 
frame, or in such other place as directed, a box for a hand-pump and 
other gear ; the hand-pump box is 3 feet 6 inches long, 9 inches deep, 
and 10 J inches wide, or of such other size as may be directed by the 
chief or other officer, and is made of the best yellow deal, i inch thick, 
and fitted with a lid on hinges, and a clasp, staple, and padlock 

Brass Plates. 

Each escape used in London has two brass or enamelled iron plates, 
3 feet by 3 J inches, with the words " Metropolitan Fire Brigade " engraved 
upon tiiem in Roman letters i J inches deep ; one of these plates is 
placed on each side of the main ladder at a place pointed out by the 
chief or other responsible officer of the Brigade. 

Painting and Varnishing. 

All the work, both iron and wood, is painted vermillion, with 4 coats 
of the best oil colour, each coat being allowed to become thoroughly 
dry before the next is laid on ; the wheels and iron work are picked out 
as directed by the chief or other officer, and the whole receive 2 coats 
of the best body varnish. 

Jumping Sheet. 

Each escape is furnished with a jumping sheet 10 feet square, made 
of the best No. i canvas, bound with 2-inch bolt rope, and fitted with 
hand-beckets of the same material, placed at intervals of i foot apart, 
and not opposite each other; the strips of canvas are sewn together 
with tarred twine, and the seams are covered imdemeath with strong 
webbing 2 inches wide; the jumping sheet is further strengthened 
underneath with 8 strips of the same kind of webbing, 4 sewn on each 
way at right angles from each other. 

Tarpaulin. 

Each escape is supplied with one strong tarpaulin, to cover it com- 
pletely and protect it from the weather, fitted with proper fastenings. 

Life Lines. 

There is a 2-inch hemp rope, with an eye spliced in one end and rove 
with the other end passed through the eye around the top round of the 
main ladder, to hang down inside the shoot to the foot of the main 
ladder. 

Tow Rope. 

A 2|-inch hemp rope, about 15 feet long, is rove round the axle in 
the same way as the life line on^the ladder round. 

Mooring Chain. 

Each escape has fitted to it a lever or mooring chain, about 6 feet 
long, or such other length as may be directed, fitted at one end with a 
hook, and at the other end with a ring. 
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Workmanship and Materials. 

The whole of the workmanship and materials are of the best 
character, and subject to the approval of the Chief or other Officer of 
the Fire Brigade, or such other person as may be appointed to examine 
the same, and the makers are made responsible for any defects that are 
noticed or objected to. 



Tackle and Fall. 

Each escape is supplied with a tackle, formed of two metal blocks, 
one with two and the other with three sheaves, and a strong hemp rope 
or fall, for raising and lowering the machine. 

Other Appliances. 

Each escape is supplied with a pair of strong copper lamps, a rattle, a 
crowbar, a hand-pump with two lo-feet leng&s of hose and a nozzle 
complete in a bag ; a bucket, a long line, and a hemp strop. 

Stone and Ring. 

At each escape station, where convenient, there is a stone embedded 
in the ground, with a ring, into which one of the tackle blocks can be 
hooked, so as to enable tiie man in charge to lower or raise the machine, 
according to circumstances. 

Heights to which the Machine will throw. 

This machine, at the safest angle, which is under 25 deg. from the 
perpendicular, is capable of throwing to the following heights, and with 
a slight alteration of the angle to somewhat greater and less heights — 

Feet. Inches. 

Supplemental length 

First-floor ladder 

Fly ladder ... 

Fly ladder and supplemental length 

Main ladder ... 

Fly ladder and first-floor ladder 

Main ladder and supplemental length 
Main ladder and first-floor length ... 
Main ladder and fly ladder ... 
Main ladder, fly ladder, and supplemental 

X\^XAcd vlX ••• ••• ••• ••• ••• 

Main ladder, fly ladder, and first-floor ladder 
Fire escapes for other heights should be of proportionately greater or 
less dimensions. 

Weight. 

The running weight of the machine here described, with everything 
complete for work, is 13 cwt 2 qrs., and the weight on the extreme end 
of the carriage lever necessary to keep the machine standing is about 
10 lbs. 
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Leverage. 

The whole machine may be considered a bent lever of the simplest 
possible kind, with two arms, marked in the illustration respectively B 
and C, and a fulcrum or support between them, marked A. One of the 
arms, B, receives the power ; the other, C, carries the load. 

The fulcrum, or support, is the box of the wheel, in which the axle 
moves freely; one arm of the lever is the main ladder, and the other 
arm is the folding frame or carriage lever. 

The centre of gravity of the main ladder is about at the point where 
the fly ladder is hinged on, 23 feet from the bottom ; and the centre of 
gravity of the moving power, or men, may be taken to be in line with 
the end of the carriage lever. 

In order to make the moving power balance the load, the weight of 
each multiplied by its horizontal distance from the support must be 
equal to that of the other. Thus, if one cwt. be placed at a distance of 
4 feet from the support, it will exactly balance 2 cwt. at 2 feet distance, 
or ^ cwt. at 8 feet distance. In all these cases the figures would be 
alike, viz. : — 

1 multiplied by 4 is 4. 

2 » » 2 „ 4* 
2 » » " » 4* 

The practical application of this to the leverage of the fire escape is 
as follows, viz. : — ^When the hind or lever wheels are on the ground, a 
man at the end of the carriage lever is 10 feet fi:om the line of the sup- 
port, and the centre of gravity of the main ladder is about 5 feet from 
the same line; consequently the tean has a leverage in his favour of 10 
to 5, or, in other words, of 2 to i, so that, by pressing down on that 
point, he is able to support about twice his own weight. When, how- 
ever, he raises the carriage lever for the purpose of lowering the head of 
the machine, he immediately commences to approach towards the line 
of the support, and consequently to lose his advantage in leverage, while 
at the same time the centre of gravity of the main ladder is getting 
further from the line of support. Calling the man the power, and the 
centre of gravity the load, it will be found that in lowering the machine, 
the power moves firom D to E in an arc of a small circle of which the 
axle is the centre, and during the whole movement is continually 
approaching the line of the support, and consequently losing leverage ; 
while at the same time the load is moving from F to G in an arc of a 
larger circle with the same centre, and during the whole movement is 
continually receding from the line of the support, and consequently on 
its side gaining leverage — ^in other words, while the power is becoming 
less, the load is becoming greater. Thus, if the power, say 10 lbs., at a 
distance of 10 feet from the line of support, be able to keep the machine 
up in its proper position with the hind wheels on the ground, the pres- 
sure of the load must be 100 lbs., which, divided by the distance in feet 
firom the line of support, 5, makes 20 lbs. 

^n order, therefore, to obtain the weight of the load at the lowest or 
any intermediate point, it is only necessary to multiply this figure, 20 lbs., 
by the number of feet firom the line of the support. Thus, at the lowest 
point it will be found to be not less than 19 feet from the line of the sup- 
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port, and consequently to weigh about 3J cwt more than the weight of 
two heavy men at the same distance, 19 feet, or about thirteen men on 
the top of the carriage lever, which has then only 3 feet of leverage. 

It is on this account that it is so necessary for a man to look after the 
head, both when raising or lowering, as he is able to do as much as ten 
or twelve men at the levers, and with judicious management can relieve 
the machine of nearly all the heavy strains. It will also be seen that, 
when the machine is down, if the men throw their bodies back from the 
lever hand iron, they exert a greater power, and that for the same 
reason one man on the end of one of the handspike levers, H, can do as 
much as several men on the carriage lever. 

When a fire escape which has been lowered down is left short-handed, 
as with only one man, and it becomes necessary to raise it, the man will 
do well to reverse the tackle, so that the hauling part shdl come direct 
from the lower block ; he will then mount the carriage lever on the inside, 
and will haul from the top instead of from below. In this way he will 
avail himself of the advantage of his muscle as well as his weight, and 
will consequently more than double his power. 

New Machines. 
Some of the most recently-made escapes are altered very considerably 
from the pattern here described j the springs, bottom carriage, stays, 
cross-bars, scroll irons, and several other heavy parts, being aJtogether 
removed, and a simple triangular wooden fiame, with rubber blocks for 
springs, substituted for them. 
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The carriage lever in these is set up with a pair of hinged wooden 
stays, instead of the iron stays, and is fitted on the outside with a pair of 
wrought-iron props, instead of the sliding bolts, and there are a few 
changes in matters of detail. 

It will probably turn out that these alterations are considerable 
improvements, as they reduce the gross weight of the machine ; but 
they have not yet stood the test of time, and therefore it would be 
premature to pronounce any very positive opinion about them at pre- 
sent ; but as they will certainly occupy much attention during the next 
few years, the illustration is given for the purpose of conveying a general 
idea of the altered machines. 

DRILL. 

No. I. 

To run, turn, and pitch the machine, fctss men up the ladder and down 
the shoot, and remove the nuichine. — Place the machine upright, with all 
four wheels on the ground, and one man at each side-ladder handle ; 
half the remainder of the party take hold of the carriage lever by the 
hand iron, and the other half pull by the tow rope ; run the machine 
along a street, then quickly turn it at a right angle, and pitch it against 
a wall with the head iron touching. 

Block the high wheels behind, and, if the lever wheels are not on the 
ground, push down the sliding bolts, so as to get a firm hind bearing. 

Then send all hands up the main ladder, and let them come down 
the shoot as fast as possible, every second man with his head down- 
wards. 

When all are down, remove the sliding bolts and bring the machine on 
the lever wheels, remove the scotch blocks, and run back the machine 
to the same place as at first 

No. 2. 

To pitch the nuzchine, take insensible persons off, pass them down the 
shoot, and remove the machine. — Bring up the machine and pitch it as 
before, with the head close to a window or roof. 

Send all hands up, and let them get on the floor or roof. 

One half should then lie down, and the other half should lift them up, 
put them into the shoot, and pass them down ; after which they should 
themselves come down as quickly as possible, remove the sliding bolts 
and blocks, and run the machine away as before. 

The whole of this practice, including the bringing up and removing of 
the machine, should be gone through twice, changing the men, and 
making those who were passed down the shoot the first time pass the 
others down afterwards. 

No. 3. 

To pitch the machine, throw up the fly ladder^ take insensible persons off, 
carry them down outside the ladders, lower the fly ladder, and remove the 
machine, — Bring up and pitch the machine as before, after which throw 
up the fly ladder in the following manner : — 

Cast oif the upper and lever lines firom the elects, pass them forward, 
and let them hang straight down. Let a sufficient number of hands 
take hold of them^ and haul steadily downwards, taking care at the same 
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time to keep as nearly as possible in the centre between the high wheels, 
so as to bring a direct and not a side strain on the levers. When the 
fly ladder is about upright, the men with the lever lines should move in 
towards the foot of the main ladder, still keeping in the centre between 
the wheels ; the men with the upper lines should haul gently so as to 
throw the head of the fly ladder forward, and the other men will then 
ease up the lever lines slowly until the ladder touches the wall. 

During the latter part of this operation some care is necessary to pre- 
vent the ladder striking with force against the wall and being broken. 
The head should first be thrown forward a little beyond the perpen- 
dicular, and the line should be slacked up slowly, hand over hand, so as 
to let the ladder fall very gently, and without a blow. The upper lines 
are then made fast hand taut to the axle, or to a cleet fixed for the pur- 
pose, and so prevent the fly ladder coming out from the wall ; and the 
lever lines are pulled out of the way and secured by a loose turn round 
one of the side elects. 

All hands will then run up on the roof, and one half will carry the 
other half down. 

In stepping from a roof or high level on to a top ladder, the men 
must be careful to keep their balance at all times, but more particularly 
when carrying a load. 

When all are down, cast off" the lower ends of the upper and lever 
lines, and bring them to the centre, between the wheels; leave the upper 
lines at first perfectly slack, and move slowly forward with the lever 
lines, keeping a strain on them all through ; and as soon as the head of 
the ladder has got beyond the perpendicular, slack up both lines very 
slowly, hand over hand, keeping a sufficient strain on them during the 
operation, to prevent the fly ladder coming down with too much force 
and breaking something. 

As soon as the fly ladder is in its place, take a turn of the lines on 
the elects, and remove the machine as before. 

This also should be repeated in every part, for the purpose of changing 
the men. 

No. 4. 

To pitch the machine^ throw up the fly ladder with supplemental length 
added, take insensible persons off, carry them down outside the ladders, 
lower the fly and supplemental ladders, and rem^we the machine, — Bring 
up and pitch the machine as before ; let one man jump on the carriage 
lever, and, taking hold of the fly ladder, hold the end up as high as pos- 
sible at arms' length ; another man in the meanwhile takes hold of the 
supplemental length, and runs out beyond the extremity of the carriage 
lever, reversing the ladder as he goes, so as to get the head outwards. 
He then inserts the supplemental length into the sockets of the fly 
ladder until it brings up in the spring hooks, at which point the joint 
may be considered to be made. The man on the carriage lever then 
jumps down ; several hands take hold of the lever lines ; the man who 
has inserted the supplemental length sings out " One," at the same time 
raising the head to the full extent of his arms, and lowering it again as 
far as it will go. He then raises it up again, at the same time singing 
out " Two," and letting it go. The men at the lever lines then swing it 
upwards, in the same way and with the same precautions as before. 
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When the lever lines have befen maxie fast, all hands run up, and one 
half cany the other half down. 

The fly ladder should then be lowered as before, one man standing 
outside the carriage lever to catch the supplemental length as it comes 
down. This man should then pull off the supplemental length, reverse 
it, and put it in its place on the main ladder, with its head upwards, and 
its spring hooks resting on the lower round ; after which the men at the 
upper and lever lines should slack up still further, so as to let the fly 
ladder drop into its place on the main ladder. Next take a turn of the 
lines, as before, and remove the machine. 

This practice should be repeated in every part, for the purpose of 
changing the men. 

No. 5. 

To pitch the machine^ throw up the fly ladder with firstfloor length 
addedy take insensible persons off, carry them down outside the ladders, 
lower the fly and flrst-floor ladders, and remove the mcuhine, — Bring up 
and pitch the machine as before. 

One hand jumps up on the carriage lever, and lifts the end of the fly 
ladder, as before. Another runs round to the back, and, lifting the first 
floor ladder a few inches to release the hooks, lowers it to the ground, 
keeping the heel close to the main ladder, so as to allow the head to 
clear the hanging iron. He then runs round with it to the firont of the 
carriage lever, reversing it as he goes, so as to bring the head outwards ; 
inserts the lower end in the sockets of the fly ladder, as in the case of 
the supplemental length, and slips the strap which holds the stay iron. 
The man on the lever then jumps ofl"; all spare hands then take hold of 
the upper and lever lines ; the man who inserted the first-floor ladder 
raises up the head twice, singing out " One," " Two," and then letting it 
go, and the men at the lines haul away, and swing it up as before. 

When the lever lines have been made fast, all hands run up, and one 
half carry the other half down as before. 

After this the fly ladder should be lowered, as in the last practice, one 
man catching the first-floor ladder towards the end, pulling it off", and 
running round again, reversing it as he goes. He should then fasten the 
stay by buckling the strap, bring the heel close to the main ladder, let 
the head go through the hanging iron, and push up until the first or 
second round is above the shipping hooks, fitted on the front bar of the 
lower carriage; then drop it gently until the round brings up on the 
hooks. 

In the meanwhile the men at the lines can slack up until the fly ladder 
rests in its proper place on the main ladder, after which the sliding bolts 
and scotch blocks should be removed, and the machine run away as 
before. 

The whole of this practice should also be repeated, for the purpose of 
changing the men. 

No. 6. 

To unship the fly ladder with the machine pitched. — Cast off the lines 
from the elects, and let them hang, and unhook the upper lines from the 
fly ladder; withdraw the thumb-screws from the fly-ladder levers, and 
move the ends of the levers until the tongues are free from the slots in 
the cheek-plates, and the fly ladder will then drop clear of the spindle. 
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Lower the levers slowly, so as not to damage the shoot, and let them 
hang. A man below wiU take hold of the fly ladder by the sides, and 
lift it clear; and the man above will take hold of the round next him, and 
walk down with it. 

In practice it is sometimes found convenient to slide the small ladders 
down on one of the guy lines, but this should always be done with 
caution, to prevent accidents. 

No. 7. 

To ship the fly ladder with the machine pitched, — ^This is almost pre- 
cisely the converse of the operation previously described ; but owing to 
the position of the levers when hanging, it is always difiicult, and in many 
cases cannot be accompHshed by a single man aloft. 

' No. 8. 
To unship the fly ladder with the mcuhine lowered, — Cast off all the 
lines from the elects, and imhook the upper lines from the fly ladder ; 
withdraw the thumb-screws from the fly-ladder levers, and raise the ends 
of the levers until the tongues are free from the slots in the cheek-plate ; 
raise the head of the fly ladder about a foot or two ; lift the diagonal 
opening ofl" the lever spindle, and as soon as the fly ladder is clear, lower 
the ends of the levers until they rest on the ground. 

No. 9. 

To ship the fly ladder with the machine lowered. — This is almost pre- 
cisely the converse of the previous operation, and does not need a 
detailed description. 

No. 10. 

To lower the machine hy means of men^ detach the ladders and use them 
all separately, remove and replace all. — Run up the machine to a con- 
venient place, not pitching it, but letting it stand fore-and-aft in the 
street ; scotch the high wheels before and behind, and lower the main 
ladder in the following manner : — 

Some hands catch the top iron of the carriage lever, and lift it slowly, 
and, as it goes up, several others catch hold of the hand- spike levers and 
the underneath part to steady the machine. As it goes up at the lower 
end, the men on the hand iron and levers go up with it ; and one hand 
runs out, catches the head iron a^ it comes down, so as not to let it 
strike the ground heavily, and lowers it down slowly ; after which the 
men on the levers jump down. 

One hand then detaches the first-floor ladder, butts it against a wall, 
with the foot downwards, and, after raising the head and drawing out 
the heel to a safe distance, runs up to the top, and, if convenient, enters 
the room or level to which the ladder reaches ; aft:er which he comes 
down again, and replaces the ladder on the hanging iron and shipping 
hooks. Another man does precisely the same with the supplement^ 
length. 

In the meanwhile a sufficient number of the others get about the fly 
ladder, cast off" and unhook the lines, and, after drawing the thumb- 
screws, release the lever irons by lifting the ends. They then remove 
the fly ladder, and carrying it to the house or wall, butt it with the heel 
downwards, and, raising the head, proceed in precisely the same way as 
with the other short ladders. 
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When it is not convenient to have the heel of the ladder against a 
wall during the process of lifting, one or two men should place their feet 
on the lower round, or against the lower end of the sides, and hold 
firmly while the others get under the head, and, walking inwards, lift the 
whole slowly and steadily without jerking. 

The main ladder may then be raised by several men on the hand iron 
and lever handspikes, and one man under the head iron. The man at 
the head iron sings out ** One," swinging the head up to the extent of 
his arms, and bringing it down again within about 2 feet of the ground ; 
he then sings out " Two," at the same time throwing it up with force, 
and letting it go ; and, as the head goes up, the levers come down, and 
the men jump off. They then remove the scotch blocks, run it in, and 
pitch it as before, blocking up the high wheels behind, and all hands, or 
any convenient number, can pass up and down. In this way four 
different levels of a building can be reached in a few seconds. 

When the men have come down, the machine can be run back and 
lowered in the same way as before ; and the fly ladder can be replaced, 
by first raising the outer ends of the lever irons to get them out of the 
way, next dropping the slotted end of the fly ladder on to the cross-bar, 
and then lowering the ends of the lever irons until the tongues enter the 
cheek-pieces ; after which the thumb-screws can be inserted, and hove up, 
so as to secure all, and the lines made fast in their proper places. The 
machine can then be thrown up and run away to a distance as before. 

No. II. 

To use the main ladder alone, the first-floor ladder alone, and the fly 
ladder and supplemental lengths together. — Run the machine up, and lower 
it as before. Detach the three ladders, set up the first-floor ladder by 
itself, insert the supplemental length into the sockets of the fly ladder, 
and raise the fly ladder ; send the men up and down. Lower and separate 
the ladders. Raise the main ladder, and send the men up all three ladders, 
and down again, as before. Run back the machine, lower it, replace the 
ladders, raise up, and run away as before. 

No. 12. 
To use the main ladder alone, the fly ladder and first floor lengths 
together, and the supplemental length alone, — Precisely the same as the 
eleventh, except that the first-floor ladder is used with the fly ladder, 
and that the supplemental length is used by itself. In this it is neces 
sary to slip the strap and free the stay iron before butting the fly ladder. 

No. 13. 
To throw up the fly ladder with the machine not pitched, — Run the 
machine up close to the wall on which it is to be used, but do not turn 
or pitch it ; block the high wheels before and behind. Place five or six 
men at the carriage lever to steady the machine ; send three or four 
others to raise the fly ladder by means of the upper and lever lines, 
taking great care not to let it fall heavily against the top of the main 
ladder when it gets beyond the perpendicular. This is a very dangerous 
movement, as any jerk may have the effect of breaking off the fly ladder, 
above the head of the main ladder, and even, in certain cases, of breaking 
the main ladder. 
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When the fly ladder is up, bring the lines to the axle or the cleet 
fitted for the purpose, and make them fast, leaving them rather slack, so 
as not to strain anything when the machine is pitched. Then remove 
the scotch blocks, turn and pitch the machine, scotch the high wheels 
behind ; if necessary drop the slide bolts, and let the men pass up and 
down as before. When all the men are down, remove the slide bolts 
and scotch blocks, and, placing a sufficient number of men at the 
hand-iron, remove and turn the machine, scotch the wheels before and 
behind, lower the fly ladder, remove the scotch blocks, and run the 
machine away. 

No. 14. 

To throw up the fly ladder and supplemental length with the machine 
not pitched. — ^This is precisely the same as the thirteenth, with the addi- 
tion of the supplemental length on the end of the fly ladder, and con- 
sequently the necessity of additional caution. 

No. 15. 
To throw up the fly ladder and flrst floor ladder with the machine not 
pitched. — ^This is the same as the fourteenth, except that the first-floor 
ladder is used instead of the supplemental length. This is a most 
difficult and dangerous movement, and should never be attempted when 
short handed, or with awkward men. 

No. 16. 

To hook the supplemental length on ont vf the upper rounds of the 
main ladder. — When the machine is pitched, take off the supplemental 
length from its place on the lower round of the main ladder, put one arm 
between the rounds, so that one side shall rest on the shoulder, at the 
same time taking care that the ladder is properly balanced ; then carry 
it up and hook it on by its spring hooks to one of the upper rounds of 
the main ladder, turning the hooks to the back or firont, according to 
convenience, and, if necessary, lash it in its place with a pocket line or 
any loose rope. 

No. 17. 

To hook the flrst floor ladder on one of the upper rounds of the main 
ladder. — ^This is almost the same as the sixteenth practice, except that 
the hooks should generally be on the outside, so as to bring the stay iron 
on the side next the wall ; the stay iron in this case is of no use, and 
when on the outside of the ladder is often very inconvenient for men 
passing up and down ; but whether on the inside or outside, it should be 
kept strapped up out of the way. 

No. 18. 

To run the machine lowered. — Let one or two hands take hold of the 
head iron, a few others hang on to the heel-board and hand-spike levers, 
and the remainder move the machine by pushing the high wheels. 

In the event of having to pass under a very low arch, or other obstruc- 
tion, it may become necessary to fold the carriage levers, and in this 
case the hand-spike levers are not available, and consequently a greater 
number should hang on to the heel board, and, if possible, one or two 
additional hands should go to the head iron. 

s 2 
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INSPECTION OF FIRE ESCAPES. 

In order to make a proper inspection of a fire escape, it is advisable 
to follow some fixed plan or method, so as to ensure the complete and 
thorough examination of every part, however minute. If this be not 
done, something is almost certain to be omitted. 

The following rules are therefore laid down, not necessarily for adop- 
tion in every case, but as a guide for officers and firemen when inspect- 
ing the machines, and to assist them when called on to make a thorough 
examination. 

Get the machine into its regular upright position, with all the four 
wheels on the ground, and a sufficient weight, either by means of men 
or otherwise, on the end of the carriage lever, to keep the whole machine 
steady ; and block the wheels with the scotch blocks before and behind. 

Commence the inspection at the centre of the top hand iron of the 
carriage lever, and walk round to the left, carefully examining the whole 
of the levers, top and bottom carriage frames, wheels, springs, axles, and 
all other parts, which cannot be so well seen when the machine is 
lowered, such as the bottom of the main ladder, with its comer irons, 
&c. — in fact, every part of the machine which is within about six feet 
from the ground when in this position — and finishing in fi-ont at the 
same place. If not thoroughly satisfied that all is right, repeat the 
inspection, walking round in the opposite direction. It will also be 
necessary to get inside the lever, and to examine the lever and side 
ladders, the staple, straps, and copper of the shoot, and all other parts 
not equally accessible when the main ladder is down. 

Next lower the machine, either by the tackle or by a number of men 
on the end of the carriage and hand-spike levers, until the head iron of 
the main ladder rests on the ground. 

Commence at the centre, underneath the heel-board, and walk round 
to the left, finishing at the same spot, and examining every portion of 
the sides, rounds, copper shoot, fixed and moveable irons, and all other 
parts, drawing the thumb-screws, shipping and unshipping the fly-ladder 
levers, trying by hand the strength of the head iron and any other parts 
that can be tested in this way, seeing that the rollers are free and the 
copper shoot properly secured to the spreading irons; also carefully 
inspecting the splices and thimbles in both the standing and running 
gear, and making sure that these, and all the wood and iron work, are in 
proper working order, and appear to be of sufficient strength ; and also, 
that the machine is fully supplied with all necessary appliances, such as 
apron hammock, jumping sheet, lever chains, bucket, life line, tow rope, 
crow-bar, hand-pump, long line, strop, &c., &c. 

After this has been done, should any doubt exist concerning finish, 
strength, material, or any other matter, it will be well to repeat the 
inspection, commencing and ending at the same spot, but going round 
the opposite way — namely, to the right — ^and carefully examining every 
part again. 

Next, withdraw the props, watching whether the main ladder bends 
much, and after this put a man on the main ladder, close to the props, 
and see that it bears his weight well, both steady and jerking. 
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Next, remove the fly ladder, the first-floor ladder, and the supplemental 
length ; examine them carefully on the ground, and then place them 
against a wall, and test each separately in the following manner : — Send 
a man up with a pair of strong boots on, and let him, as he descends, 
kick each of the rounds in the centre, bringing the whole weight of his 
body to bear on it. After this, lower the fly ladder, insert the supple- 
mental length into the sockets, set the two up together, and send a man 
up to see that they bear the weight. Then lower them down, remove 
the supplemental length, replace it by the first-floor ladder, and test the 
two together in the same way as before ; after which, lower them down 
and remove the first-floor length. 

Should the separate parts bear all this portion of the inspection satis- 
factorily, the next thing will be to raise the machine up, either with the 
tackle or by men on the hand-spike and carriage levers, not placing a 
man to lift the head iron off* the ground, as this would relieve the strain, 
and consequently render the test for strength imperfect. 

When the machine is up, remove the scotch blocks, and pitch the 
head against a wall, bringing the lever wheels to the ground, and again 
scotching the high wheels, so as to prevent them running back ; and test 
the rounds of the main ladder in the same way as those of the other 
lengths. 

Next, take the supplemental length up, and ship it, by means of its 
hooks, on the top round of the main ladder, the hooks being turned 
either to the back or front, according to convenience. Let a man mount 
it, and test it as before, after which it can be unshipped and put in its 
proper place for travelling. After this take the first-floor ladder up, and 
ship it on the same round of the main ladder, with its hooks outside, so 
as to bring the stay iron on the side next the wall ; let a man mount and 
test it, and then remove and replace it. 

Next, remove the scotch blocks, withdraw the machine, fix the 
scotch blocks again before and behind, lower the main ladder, put tlie 
fly ladder in its place, raise the machine, remove the scotch blocks ; 
pitch the machine again as before, carefully blocking the high wheels 
before allowing anything else to be done, or any one to go up. 

Next, throw up the fly ladder, by hauling on the upper and lever lines, 
the men being careful to keep towards the centre, between the wheels, 
so as to have a direct pull on the levers, and thus avoid putting a side 
strain on them. When the fly ladder is being raised, the part next the 
lever must be closely watched from below, and, if it show too much 
bend during the operation, it must be taken off" again, and closely 
examined on the ground. 

If it show no sign of being sprung, or otherwise injured, it may be put 
into its place again, and thrown up in the same way as before; and, 
when it is perpendicular, the men with the lines should take a step 
towards the axle, and allow the head of the fly ladder to fall gently 
against the wall. After the head or upper part has touched, the lines 
must be made fast as before. 

Then two men should mount to about the middle of the fly ladder, 
and jerk it a little, so as to test the strength, not only of the lever joints, 
lug irons, and other fittings, but also of the main ladder itself at that 
point During this operation, as a general rule, the officer should make 
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his observations from the ground ; but occasions may arise when he will 
find it better to go up, and watch the spring from the upper part of the 
main ladder, a little above the lever joint. 

Should these parts prove satisfactory, the fly ladder should be again 
lowered, and the supplemental length attached to it; after which it 
should be thrown up again in the same way as before, without any 
assistance from the man who puts on the extra length. This is a more 
severe test than the previous one, and all the parts should be closely 
watched during the operation, and again examined after it. 

Should all be right so far, the fly ladder should be again lowered, the 
supplemental length removed, and the first-floor ladder added on in its 
place ; after which the fly ladder should be again thrown up as before, 
without any help firom the man at the end. This is the most severe 
test of all, and the whole of the ladders must be most minutely watched 
during and after it. 

Next, lower the fly ladder, remove the first-floor length, and let the 
fly ladder fall into its place in front of the main ladder. 

After this, withdraw the scotch blocks, run the machine back about 
6 feet, block the wheels up again at that point, let the head iron fall 
forward against the wall, as before, and drop the sliding bolts of the 
lever, at the same time driving them, by means of the foot, as far as 
possible into the ground, so as to form a bearing for the hind part of the 
machine. 

Next, repeat the same operations which were previously performed 
with all the wheels on the ground, throwing up and lowering, first, the 
fly ladder alone ; secondly, the fly and short length ; and thirdly, the 
fly and first-floor ladder, at each part sending up men to test the strength, 
and watching the result carefully both from above and below. 

Next, withdraw the machine about 6 feet fiirther fi-om the wall, and 
repeat the experiments in precisely the same way as before. 

The more the ladders are removed from a perpendicular position, the 
less weight they will be able to bear ; and as in these last-mentioned 
experiments there will be a very heavy strain thrown on the main ladder 
near the fly-ladder joint, care must be taken not to endanger the men 
during the operation, in the event of the sides or other parts giving way. 
The best way to ensure the safety of the men above will be to have them 
slung on loose ropes fi:om the top of the wall, so that, in the event of 
the ladders giving way, they will only fall the length of the slack of the 
line, which need not exceed a few inches. 

Next, withdraw the bolts, bring the hind wheels to the ground, and 
run the machine into the same position as at first, the head resting 
against the wall, the high wheels scotched behind, and the lever wheels 
taking the back bearing. 

Send a man up the main ladder, and let him go into the copper shoot 
with his feet downwards, and come slowly to the bottom, stopping 
himself at every two feet or so, and jerking outwards as hard as possible 
with his back and elbows, so as to test the strength of the copper itself 
and its fastenings. 

Next, remove the scotch blocks, withdraw the machine into an open 
space, bring the lever wheels to the ground, scotch the high wheels 
before and behind, place a number of men on the carriage lever to keep 
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it down ; and, when the machine is in this position, first send two men 
to the top of the main ladder, and, if all seems right, bring them down 
again, and then throw up and lower all the ladders successively as 
before : first, the fly ladder alone, secondly, the fly and supplemental 
length, thirdly, the fly and first-floor. These operations will throw a 
heavy strain on the trussing lines and the whole of the standing gear, 
but most of all on the guy lines, and those parts of the carriage lever to 
which they are attached. 

As the carrying out of this test is attended with some danger, the 
inspecting officer must keep his attention fixed on everything that is 
done, and should the slightest symptom of weakness appear in the guys, 
the guy-line hooks, the lever, or any other parts affected, he must imme- 
diately suspend the operation. 

Next, withdraw the top lengths, and put them in their places for 
travelling ; drop the fly ladder into its proper position on the front of the 
main ladder, and lower the machine by means of the tackle, not placing 
a man to catch the head iron or otherwise to relieve the strain. 

Next, walk round and carefiiUy examine all the parts, particularly 
those which have been subjected to heavy strains — such as the fly-ladder 
levers, the carriage lever, the trussing lines, the guy lines, &c., &c. — ^and 
observe if the whole or any part has been wrenched or strained during 
the inspection. 

Should the ladder undergo all these tests satisfactorily, it may be con- 
sidered perfectly safe and trustworthy. 

GENERAL INSTRUCTIONS. 

Taking Duty. 

When a fireman goes out in charge of an escape, his first duty is to 
examine it carefiilly, for the purpose of ascertaining that it is supplied 
with all the usual appliances, and also that it is in complete working 
order in every part. He must make an inspection, either partially or 
thoroughly, according to the mode previously explained, and he must 
be entirely satisfied as to its efficiency in every particular before trusting 
it for a duty. 

It is to be clearly understood, that no excuse can be accepted for any 
imperfection in the machine after the duty has commenced, imless the 
same shall have been duly entered in the book kept for that purpose, 
and also reported at the earliest possible opportunity to the senior 
officer of the station to which the escape belongs. 

When it is necessary to make a report of this kind during the hours 
of duty, the fireman must not leave his post to go with it himself, but 
should hire a stranger to run to the nearest station and inform the officer 
in charge ; and the latter should lose no time in either proceeding in 
person, or sending a competent fireman, to examine the machine, and 
take such steps as may be necessary, reporting the same through the 
usual channels to head-quarters at the earliest possible moment 

Securing the Machine for Duty. 

After inspecting the machine, and finding that it is all right in every 
particular, and fully supplied with all. the necessary gear, fittings, and 
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Other appliances, the fireman should place it in such a position as to 
ensure its quick departure in case of a call. 

The best mode of accomplishing this will be to pitch it against a wall, 
and to secure it with loose scotch blocks, not those which are attached to 
it by chains ; an escape placed in this way requires nothing to be done 
except to kick away the loose blocks, and can be got away instantly. 

If, owing to the position of the station, or any other cause, this cannot 
be done, the machine may be moored by attaching the hand iron of the 
carriage lever, by means of the chain, to the ring set in the stone for the 
purpose, or to the lower part of a strong lamp-post or railing. The 
mooring chains are fitted with hooks, to facilitate the operation of making 
them fast or slipping them in a moment. 

In windy weather it is very rarely safe to keep a fire escape upright, 
and it should therefore be lowered down ; but care must be taken to 
place it in such a position that it can be raised in as short a time as 
possible. 

When the machine is lowered, the tackle should be kept overhauled, 
and, if possible, hooked on at both ends. In certain cases, however, 
owing to the position of the escapes on footways, or in crowded thorough- 
fares, it may not be convenient to do this ; but there never can be any 
difficulty in getting the tackle overhauled to the proper length, and 
keeping the upper block hooked on to the hand-iron of the carriage 
lever, and the other stowed away in such a position underneath the 
machine, that it can be got at and hooked on to the mooring ring in a 
moment 

Concerning The Tackle and Fall. 

Whenever a machine is lowered down, the tackle should be kept 
overhauled; and whenever a machine is standing, either pitched, moored, 
or in charge of the men at the lever, the tackle should be shortened up 
with the blocks touching, in the position commonly known as "two 
blocks." 

It is of particular importance that this should be remembered, as on 
raising a fire escape by means of a tackle, when the machine has reached 
to very nearly its proper upright position, it comes up more quickly than 
the last few feet of the fall can be gathered in ; and if the blocks are 
left in this way, about two or three feet apart, when they have to be 
hooked on again for lowering, there may not be time to haul them close, 
and the hooks may slip and let the main ladder down by the run. 

The tackle, when not in use, should be hauled taut "two blocks," the 
fall should be made, up in a separate coil, and the whole secured by a 
simple knot, which can be cast adrift in a moment. 

Receiving a Call. 

When a fireman in charge of a fire escape receives a direct call from 
a place on fire, he must first satisfy himself that it is not a false alarm. 
This can be done in a moment by a few short questions, as to what the 
messenger himself has seen, or what he has been told by the person 
who sent him. 

If this be not done, the machine may be frequently drawn off" its 
station for chimneys on fire or false alarms, and most disastrous con- 
sequences might result firom its absence at a critical moment 
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While, therefore, it is important that the fireman should exercise a 
certain amount of discretion in accepting a call, he must be careful not 
to carry his inquiry so far as to cause loss of time ; always remembering 
that, if there be any reasonable cause, however slight, for supposing that 
there is a fire within a quarter of a mile or so of his post, his duty is to 
proceed without delay, and give such help as may be required ; and that 
it is much better to attend in a hundred cases unnecessarily, than to be 
absent once if wanted. 

A fireman very soon acquires the kind of experience which enables 
him to judge correctly of the nature of any call coming direct from a 
fire ; but great difficulties frequently arise in forming an opinion as to 
calls which come through two or three different hands. In such cases, 
therefore, it is well to lay down the general principle, that almost all 
messages coming from owners of premises concerning their own places, 
or from police officers on the spot, should be at once attended to. 

Even in this way false alarms are frequently given ; and, when they 
are, the fireman must bear the inconvenience and annoyance of unneces- 
sary labour with patience and good temper, remembering that the spirit 
which incites owners of property to send away immediate calls in all 
cases of alarm of fire, however slight, is one to be greatly fostered and 
encouraged ; inasmuch as it is only by receiving timely information that 
we are enabled to cope successfully with fires, and any extra work or 
trouble incurred in individual cases is much more than counterbalanced 
in the end by the saving of labour in all warehouse, dock, wharf, or 
other fires, of which we get intelligence before they have attained con- 
siderable magnitude. 

Caution about leaving an Escape. 

Firemen must always use the greatest discretion in leaving their 
escapes, even for a moment. There are cases in which a fireman is 
justified in running away with a hand-pump, or one of the small 
ladders — as, for instance, when a fire is discovered within a few feet of 
his post, and within sight — ^but even under these circumstances he ought 
to be very cautious, as in the event of anything serious happening, he is 
sure to be called on to justify his conduct. 

Proceeding to a Fire. 

The proper number of persons to convey and work a fire escape is 
four. Of these one at least should be a thoroughly trained man, with a 
complete knowledge of everyrthing connected with the machine, and the 
others should work under his orders. 

It is not, however, always possible for the fireman to obtain so much 
help, and he must therefore, in certain cases, do with less. He must, 
however, under no circumstances attempt to move his machine single 
handed, and, no matter how urgent the call may be, if the person giving 
it will not accompany hira, and if after the springing of his rattle no 
other help be forthcoming, the fireman is bound either to remain at his 
post, or to unship his moveable lengths and run away with them to the 
fire. Even in the calmest weather it is a hopeless task for one man to 
move a fire escape more than a few feet, and nothing can compensate 
for the risk of making the attempt 
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With one other person, however, to assist him, the fireman is justified 
in starting, and in almost all cases he will be sure to meet further help 
on the road. 

Arriving at a Fire. 

On arriving at the scene of a fire, the fireman's first duty is to attend 
to the safety of his escape, as without this he may be of no use. No 
special directions are given concerning the position in which he is to 
place it, but as a general rule he will do well to pitch it against one of 
the walls of the house on fire, or the house next adjoining, and not to 
leave it standing fore and aft in the street imder the charge of 
strangers. 

Searching a House. 

After ensuring the safety of the machine, his next duty will be to 
search the house thoroughly, according to his discretion, not necessarily 
entering, or even looking into every room, if he sees that by doing so he 
would cause extra risk, and is satisfied fi:om the statements of inmates 
or others on the spot that there is no one inside. 

If, however, he does not feel thoroughly convinced on this point, he 
is bound to examine every room and passage of the house, so far as it is 
possible to do so, carefully shutting every door and window after him, 
and thus, in some degree, reducing the danger inseparable firom such a 
search. 

For examining a house on fire, no precise rules are laid down ; every- 
thing must depend on the circumstances of the moment, and on the 
presence of mind and the skill and energy of the first fireman who 
arrives. 

The proper mode of proceeding fi:om one storey or level of a house to 
another is obviously to go by the stairs, and it is well that firemen should 
always recollect this. It is true that they are provided with a set of 
ladders, and that they are carefully instructed and drilled in the uses to 
which these ladders can be applied, under many circumstances, both 
difficult and various, but it is by no means intended to be supposed that 
a fire escape can always, or even often, supersede the use of stairs ; on 
the contrary, I am strongly of opinion that many heavy losses, in past 
times, may be traced to the injudicious breaking of windows, for the 
purpose of entering by means of ladders, when it might have been quite 
possible to pass up and down the stairs, and at the same time to exclude 
from the rooms in danger all air except the small quantity unavoidably 
admitted during the momentary opening of the door for die purpose of 
looking round. 

Caution about Outside Work. 

A crowd looking on at a fire is very ready to applaud a fireman who 
pitches his escape in firont of a burning building, and, rushing up, cuts 
through window after window from the outside, steps in for a moment 
to see if any one is there, and then goes on to the next, leaving behind 
him, in every case, broken glass, damaged shutters, or other open spaces 
of some kind. 

Occasions have arisen when this kind of applause may have been well 
deserved, but, so far as my experience goes, they have been very few and 
far between; and no fireman who understands his business, and is 
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animated with the true spirit of his profession, should ever lend himself to 
such a proceeding as seeking for applause from any but his own superiors. 

It cannot be too generally known, or too often impressed on those 
who undertake the responsible duty of saving life from fire, that if they 
have been thoroughly instructed in the duties of their profession, and 
are personally and otherwise competent to do the work, their success 
will be on almost all occasions in exact proportion to the risk they run. 

Now, a man who merely runs up a ladder and cuts through a front 
window runs no risk at all ; on the contrary, he does that which is the 
safest ^r himself^ but, in looking out for his own saifety, he is doing that 
which is most dangerous for any persons who happen to be in the other 
rooms of the house, particularly those above and at the back, into which, 
after once a front window has been cut through, it is probable, if not al- 
most certain, that the fire will penetrate before the fireman can reach them. 

When the stairs are burned, and when there is reason to suppose that 
all the persons are in one room, and that room in a position accessible 
to the escape, it is of course the duty of the fireman to cut through the 
windows from the outside, and to bring the inmates down either in the 
shoot or on the ladder, but he must not forget that in doing so he con- 
signs the house to almost certain immediate destruction, and that, if 
there happen to be other persons inside, he cuts off from these latter 
very nearly every hope of escape. Besides, in taking such a course, he 
would, as a general rule, be doing that which is easiest and safest for 
himself, and subjecting to unnecessary danger the very persons whom 
it is his special duty to protect. 

Entering from Below. 

The best way for entering a house on fire is by the street door, and 
a fireman who knows his business, and receives an early call, can usually 
effect an entrance in the ordinary way, and search all the rooms, accord- 
ing to his discretion, carefiilly shutting every door after him. 

When circumstances admit, it is advisable to commence a search of 
this kind at the top, and work downwards, as the entering of each room 
necessarily involves the momentary opening of the door, and con- 
sequently the escape of a certain amount of heat and smoke ; and if it be 
commenced at the bottom, the accumulation of smoke about the stairs 
and top landings may become so great as to smother persons in the 
upper rooms, or, even when this is not the case, to prevent the fireman 
reaching them. 

The danger to the fireman himself is, of course, greater the further he 
goes from the point of exit ; but the sooner he commences his work the 
less the danger is ; and if he take the end of the life-line in with him, to 
guide him on his return, the risk is much less than is commonly supposed. 

Whether, however, the danger be great or small, there can be no 
doubt that it is the duty of a fireman to incur it ; and that his success in 
saving life will, in all difficult cases, be in exact proportion to the risk 
he runs in performing his duty. 

Entering from an Upper Window. 

When it is not practicable to enter by the street door, the fireman 
should go in by some convenient window, if possible without breaking 
anything. 
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Should It, however, be necessary — as it usually is when entering by a 
window — to make an opening of some kind, the fireman will do well to 
break a small piece of glass close to the hasp, and then insert his hand 
and open the window in the ordinary way, so that whether he remains 
in the room, or passes from it to the stairs, or comes out again on the 
ladder, he can shut the window down after him, and thus reduce the 
danger of the persons inside, and finally of the building itself. 

If the fireman hears from any trustworthy person that the inmates are 
in any particular room, or set of rooms, he should at once proceed in the 
direction indicated, if possible by the ordinary means of communication, 
which are the stairs, but if not, then by the ladders, or any other means 
which may happen to be at hand ; but he must on no account fail to 
keep continually before his mind the fact — so well known in our business — 
that the information obtained from inmates or neighbours is almost in- 
variably to some extent incorrect ; and that it is his duty, even when 
availing himself of it, at the same time to use his own discretion, and to 
act on the dictates of his own experience and professional knowledge. 

Should it be found difficult to breathe in a room on fire or full of 
smoke, it will be found an advantage to go on the hands and knees, 
with the head low down, as there is often pure air close to the floor 
even when it is impossible to see across the room ; and by placing in 
the mouth a pocket-handkerchief, or any substance through which the 
air can be filtered, it is quite possible to remain for several seconds in a 
room under these conditions ; and, if the pocket-handkerchief or other 
article be previously dipped in water, it will be found a still more efficient 
respirator. The best guide for a fireman under these circumstances will 
be the lamp he carries ; so long as this continues alight, there will be 
sufficient air for him to breathe, but the moment it goes out he should 
retire, or move towards a window, or other opening, fi:om which he can 
obtain a supply. 

To relieve a room of smoke, it is best to open a small portion of the 
window, by breaking the glass, or otherwise, both above and below, in 
which case the cool air will come in imdemeath, and the hot air and 
smoke will pass off from the top. 

If the window be opened in only one place, the hot and cold currents 
of air will meet and obstruct each other, and it will consequently take a 
much longer time to clear or relieve the room. 

In practice, scarcely any amount of heat, without actual flame, 
prevents a fireman moving about and working as he thinks proper. He 
may get his hair singed, his clothes scorched, and the outside of his 
helmet too hot to be touched, without any particular danger of his being 
seriously injured. 

It cannot be too often impressed on a fireman, that so long as there 
IS flame there must be plenty of oxygen to support it, and that con- 
sequently there can be no difficulty in finding plenty of air to breathe — 
in other words, that so long as the fire is burning brightly, a man cannot 
be smothered. He may, it is true, be biuned, blinded, or otherwise 
injured, but it is impossible, under such circumstances, that he can suffer 
firom want of air ; on the contrary, so long as he can keep his head below 
the seat of the fire, he will feel a very considerable draught, and will 
experience no difficulty whatever in breathing. 
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It may occasionally happen that a fireman may reach persons in 
danger, but, owing to heat and smoke, may be unable to lift or draj them 
out ; in such cases he will do well to make fast the end of the hfe4ioe 
round them, and going to a door, or window, or the top of his ladder, he 
may be able to haul them out safely. 

Saving Life with the Escape. 

If the fireman see the inmates at a front window, and has ascertained 
that the stairs are impassable, he should at once pitch his machine in 
front, placing the top part — whether main, fly, first-floor, or other ladder — 
dose to, but below, the window. 

Should it be necessary to throw up the top ladders in a narrow street, 
in which there is not room for them when standing athwart, the machine 
must be placed fore and aft, and the ladders -thrown up as described in 
the inspection and drill instructions ; after which it can be run in 
wherever required, and pitched in the usual way. This is rather a 
difficult operation, and requires a good deal of help. 

When this has been done, the fireman should himself run up, and as 
a general rule should, in the first instance, go inside the room, from which 
he should then pass them down, one by one, either by the shoot, by a 
line, on the ladder, or in any other way that appears most convenient 
at the moment, always commencing with the children, then taking the 
women, and last of all the men. 

It is desirable for the fireman, as far as possible, to avoid carrying 
persons down on the ladders; but under certain circumstances it is 
necessary to do so, as in the case of a person insensible, or injured on 
one of the high levels above the reach of the main ladder. "When such 
occasions arise, the fireman should, as a general rule, take up the person 
to be rescued, as described further on, leaving one or both of his own 
hands almost entirely free, as the weight to be carried in front will 
be very trifling, and the legs can be held with sufficient firmness by 
a mere pressure of the arm. 

In carrying persons down in this way, it is not desirable to put up 
lashings of any kind, except under very pecuHar circumstances. When, 
however, it becomes necessary to do so, the fireman should place the 
person altogether on his back, and should pass the lashing round under 
his own shoulders, leaving both his arms and hands perfectly firee. 

A fireman, if alone, will do well to get on the floor or roof on which 
the persons to be rescued are, and not remain on the ladder, while 
placing them on his back. He should then get on very slowly and 
steadily, and taking particular care to keep his balance at all times, but 
especially at the moment of placing his weight on the ladder. In 
moving either up or down with a load, the fireman should tread as wide 
as possible, keeping his right foot close to the right-hand side, and his 
left foot close to the left-hand side, as the strength of the spokes is 
greater in these parts than in the centre. 

Dealing with Excited Persons. 

Occasions may arise when the maddening influence, which the scene 
of a tire seems to have on persons unaccustomed to it, may i^lac^ 
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serious obstacles in the way of a fireman carrying out his duty in the 
mode here indicated — ^namely, commencing with the rescue of those who 
are most helpless, and leaving to the last those who may be supposed 
to be in some degree capable of taking care of themselves ; but at such 
times a fireman must be resolute and determined in having his com- 
mands obeyed, and nothing must induce him to allow the men, of 
their own accord, to take precedence, as they will almost always try 
to do. 

If he be perfectly cool and collected, as he ought to be, his mere 
command will generally be sufficient, as there is a sort of instinct in 
most persons which, even in the agony and madness of a panic, teaches 
them to follow and obey a man who speaks and acts with the resolution, 
and power, and confidence of knowledge. 

At such a moment there is an important duty to be performed, that 
of saving the greatest possible number of lives ; and very little time in 
which to carry out that duty, probably not more than one or two 
minutes at the utmost ; and there is also a principle at stake, that of 
giving the first help to those who need it most ; and if the fireman 
hesitate or vacillate in the smallest degree, he throws away the very 
power on which alone his success in saving life depends, and that at the 
critical moment for coping with the exigencies of which he has been 
specially appointed, trained, and trusted. 

Although the general rule is here laid down, that the rescue of women 
and children is to take precedence of that of men, nothing is said which 
is intended to limit the discretion of the fireman in any way, and he is 
therefore .bound to exercise his own judgment in all cases. For instance, 
if a man, a woman, and a child were to be saved, and time were not 
pressing — as at the very early stages of a fire — he might find it con- 
venient to keep the child to the last, and after passing down first the 
woman and then the man, by means of the shoot or otherwise, he 
might carry the child down in his own arms. This, and all such arrange- 
ments, are entirely matters for his own discretion at the moment ; but 
he must remember that he is bound to be able afterwards to justify to 
his superiors whatever he has done, or permitted others to do, and that 
he renders himself liable to severe censure if, through any act or 
omission on his part, the work is improperly or imperfectly done, 
or the persons connected with it — whether those imperilled or those 
assisting — break away from his control, and take the matter into their 
own hands. 

To do this work properly, a fireman must be strong, active, quick, 
fearless, and intelligent ; but^ above all, he must be resolute. He may, if 
he choose, leave himself open to advice, but he must not adopt it unless 
it commends itself to his judgment. If he accept it blindly, and act 
upon it, he is responsible for his act, and if he refuse it, he is no doubt 
responsible for his refiisal also ; but as advice offered on occasions of 
fire is almost invariably wrong, even when coming from the owners or 
occupiers of the premises in danger, the safest course for the fireman 
will generally be, neither to accept it nor reject it absolutely, but, if 
time permit, to listen to what is said, then to form his own independent 
judgment, and instantly and resolutely act upon it 
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Mode of Picking up Insensible Persons for Passing them 
DOWN THE Shoot, or Carrying them down the Ladders. 






First turn the person face downwards, and take hold close up under 
each armpit; then raise the body as high as it can be lifted in that 
position, and allow it to rest on one of the knees ; then shift the arms 
round the waist, and, after interlocking the hands, lift the person in an 
upright position. After this, take hold of one of the wrists with one 
hand, and drop into a stooping position ; at the same time pass the arm 
that is free between or around the legs, and the person will then fall 








across the shoulders ; then rise in an upright position, and balance the 
body well on both shoulders. In this manner, carry the person to the 

window where the escape is 
pitched, and raise the feet to 
the mouth of the shoot with 
one arm; then take hold of 
one of the wrists, and ease the 
body gently off the shoulders 
into the shoot, always taking 
care to keep the face upper- 
most. As a rule, women 
W should be passed down a 
shoot head foremost, and men 
either way. When women are passed down the shoot feet first, a small 
line should invariably be used to tie round their clothing, in order to 
prevent it from catching in the shoot. 

The following methods are found to be most con- 
venient for carrying children down the ladders. Place 
a child under each arm, and grip each tightly by the 
elbow and forearm, in such a way as to leave both 
hands quite free to, take hold of the sides of the 
ladder. Another way, is to place one child under the 
arm, and the other over the same shoulder, and lay 
hold of the latter with that hand, which leaves the 
other arm and hand quite firee for taking hold of the 
ladder in desceii^ding. 





273 fike escapes. 

Rescuing Persons i 

In the event of a person, o 
■ to be in the upper parts of a house on fire, beyond the reach of fire 
escapes or other ladders, several courses are open for their rescue. 



> THE Reach of Ladders. 
I number of persons, being seen or known 



Breaking 



A Wall, 



If it be possible to break through the wall of an adjoining house on 
the same level, this should be at once 
tried, more particularly as it can be 
entrusted to any intelligent bystander, 
who can be supplied with the crow- 
bar for the purpose. In the upper 
parts of houses the wSIls are not very- 
thick, and, if new, would yield to the 
work of one good man with a crow- 
bar in about a quarter of an hour, if 
some of the women or other inmates 
of the house in which he is working 
remove the bricks and rubbish. 
Much delay would result from at- 
" tempting to make a hole of i8 inches 
in diameter all at one time, and the 
ll IHMJ )"''' >^" ^^^ should be instructed first to 
: ^ m' r ™^^ * small hole through, so as to 

''^^^^^^ ~p,\ i g^t an entry for the crow-bar, after 

which he will have no difficulty or 
; trouble in removing as many bricks 
as he wishes, one by one. 

Breaking through a Roof, 
While the assistant is at work in 
this way, the fireman may either 
mount through the trap, or otherwise, 
to the roof of one of the adjoining 
houses, from which he may be en- 
abled to reach the roof of the house 
on fire, and to enter, either in the 
usual way by the dormer windows 
or trap, or, if this cannot be done, he' 
may succeed in cutting through and 
removing the slates or other cover- 
ing, after which he may be able to 
enter and bring the inmates up 
throi^h the same opening. 




(^M^^^^^aS 



'"N '\\/J J)li\) ^^^SCCING BY A LiNE FROM ABOVE. 

y^^-^^ i'ja /flY Should this prove impracticable, 

/-' ii-L&: ^ fmSJm *** maybe able to lower down a line 

^ '~rr^ .■JJ'fffMI m from the roof, either of the house 

■C s\// W»\f is itself or the house adjoining, and to 

Iv l^j'/ 'M / ^™^ ^^ inmatefl up by the line. 
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If the fiieman have a competent assistant witli him, such as another 
fireman who would thoroughly understand the proper mod« of pro- . 
ceeding, his best course would be to get himself lowered down by the hne . 
to the necessaiy level, to enter by the window or other opening, and 
to place the inmates in a chair knot, and allow his mate on the roof to 
haul them up or lower them down one at a time, he himself keeping, 
all through, an end by which he could guide the persons on the line 
clear of the window-sills or other 
obstructions, and also get back the 
knot, without the delay which might 
occur if he were to part with the fall 
of the line. After having passed all 
the inmates out in this way, the fire- 
man should, if possible, examine the^ 
adjoining rooms, and take such other :% 
steps as may be necessary, either i 
the way of shutting doors, or other- 
wise, before getting himself hauled -^ 
up. _ -^ 

Should the fireman find himself , 
without a skilled assistant on such^ 
an occasion, he should obtain the 
help of any persons who may happer 
to be near; and for this purpose,:^ 
women and children will be found 
perfectly available, and almost as 
usefiil as men. 

He should, under these circum-227 
stances, remain on the roof, and not"~] 
on any account get himself lowered 
down, as his doing so would have I 
the effect of rendering him almost'^ 
powerless, and of putting the whole 
of the work into the hands of un- 
skilled persons. 

He should pass the line round a 
chimney, or some other fixture, which 
would relieve the hands of the per- 
sons holding the end from the direct 
pressure of the load. 

This, with a party of firemen, 
other skilled persons, would not 
absolutely necessary, but it is an in- 7 
dispensable precaution when the — 
assistance of unskilled persons is 
made available. 

The effect will be that the fireman 
on the roof will have to do the whole 
of the lifting or hauling up alone, 
and his assistants will merely have 
to gather m the slack of the line. 
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In many cases, however, some one will be found with sufficient steadi- 
ness and courage to join the fireman on the roof, and the two together 
ought to have no difficulty in hauling up any ordinary person, provided 
their assistants are quick and steady in taking in the slack. 

Concerning Knots. 

As to the knot to be put up, no special directions are given. This 
must be entirely left to the judgment and discretion of the fireman ; 
but, as a general rule, he will do well not to trust the inmates in a chair- 
knot, unless he goes down to the room and puts them in himself. Should 
he be unable to do this, his best course will be to put up a running bow- 
hne, or other slip-knot, which will close on the person round whom it is 
placed, and then to lower down the line with the knot loose, so that, if 
the inmates have any sense or presence of mind left, they will s« what 
they ought to do in order to avail themselves in the most convenient 
way of 3ie help that is offered to them. 

The accompanying description and illustration will explain the for- 
mation and use of the chair-knot 



The Knol ia Coatst of Formatioo. Hie Knot Hardened up and Ready for Uh. 





fire kscapes. 
The Knot in Use. 




A. The arm 1l>0^ B. The leg loop. C. The haulingpnit. D. Theguy. 

A chair-knot may be formed in the middle or towards an end of a 
rope, and consists of two loops or bights of a combined length (for a 
grown up person) of about 6 feet, one about 2^, and the other about 3J 
feet, with the knotted part between them, and the hauling part and the 
guy both leading from the knot. It may be formed in a variety of 
ways, one of the simplest and quickest of which will be as follows : — 

On that part of the rope which is to be used, put up a common 
double over-hand knot, hauling the bights through to about the length 
before mentioned, and measuring the whole length by the ordmary 
span of the arms. Then over each bight pass a half-hitch of the rope, 
in the same way as for a sheepshank, and slip the hitch close down to 
the knot ; use one end for the hauling part, and the other for the guy. 

This knot does not require the use of an end in forming it ; it uses 
very little of the rope ; it can be put up in a moment ; and will never, 
under any circumstances, render. To adjust the chair-knot on a person 
to be rescued, slip both loops over the shoulders and arms, let the longer 
loop come into the bend at the back of the knees, the smaller loop close 
up under the arms, and the fall and guy in front of the chest. The ad- 
justment is made in a few seconds, and, when the weight comes on the 
hauling part, the person in the knot is about in the same position as if 
seated in a chair. A person lowered by this knot, though not subjected 
to any pressure or inconvenience, is effectually pinioned, and, however 
violent and excited, cannot struggle out after having been once ^cc^ex'^i 
slung. -^ t. 
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I am clearly of opinion, that a chair-knot is in every way the safest, 
provided the person to be moved is once properly placed in it, but 1 
hardly think it is safe otherwise ; and it is on this account that I have 
recommended, under certain circumstances, the use of a slip-knot, 
which, though in other points very much inferior, has the important 
merits of being likely to be understood by the persons to be rescued, 
and of closing on any one suspended by it with a force exactly in pro- 
portion to the weight of the load, and consequently in such a way as very 
considerably to reduce the chance of falling out of it. If the circum- 
stances admit of giving directions, the person to be rescued should be 
instructed to slip the knot up underneath the arms, and then to draw it 
tight and hold on with the hands to the line outside the knot, which 
will have the effect of keeping the head upwards, and the whole body 
in a safe position during the jerks which are inseparable from such an 
operation as hauling up a heavy body by intermittent efforts, and about 
a foot at a time, with a line passed over a rough parapet. 

Lowering Lines from Adjoining Premises. 

When it is impossible to get on the roof of the house on fire, the 
fireman may be able to find his way to some part of any adjoining 
premises above the level of the window in which the persons to be 
rescued are, or are supposed to be. He can lower a line down to the 
street, and his assistants can carry the end below in such a direction as 
to bring a part of the line aciross the window. The fireman above may 
then take a turn of the line, the persons to be rescued may get on it, one 
by one, the end of the line below may then be hauled out clear of 
burning windows or other dangerous places, and the persons removed, 
either by being taken into the windows of the adjoining houses, or by 
being lowered down to the street level, and the same process may be 
repeated until all are saved. 

As this is an operation requiring effort on the part of the persons to 
be rescued, it would be well, whenever practicable, for the fireman to 
relieve them of that effort by himself going down on the line in the first 
instance, and entering the room in which they are, so as to be able to 
place them safely in a proper chair-knot out of which they could not fall ; 
but where, owing to want of skilled assistance, the fireman cannot do 
this, his best course will be to put up a chair-knot, a running bow-line, 
or some other safe knot, and lower the line to sudi an extent that the 
knot will come in front of the window. 

It has been explained that there are certain dangers attending the use 
of a chair-knot by unskilled persons ; but when both ends of a line have 
to be hauled taut, a slip-knot would render, and the use of a chair or 
other fixed knot is consequently, in such a case, unavoidable. 

It may also be occasionally possible to lower down a loop or bight of 
a line from two adjoining premises, one at either side, keeping an end 
above in each, and allowing the centre of the bight to come in front of 
the window or opening from which the rescue is to be made. If plenty 
of help be forthcoming, this mode of rescue may be considerably assisted 
by a line with a standing bow-line, or other fixed knot, which will slip 
along on the line lowered down, and so enable persons in the street to 
take hold of the hanging end, and guide the persons to be rescued clear 
ol huTniDg windows, projections, or other obstructions. 
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Throwing a Line by which Per- 
sons MAY Lower themselves. 

When, in consequeoce of the 
height, or from any other cause, it is 
impossible to get on the roof or into 
the upper stories of the house on fire, 
a line may be thrown from the roof 
or upper part of premises adjoining, 
and the persons in danger may be 
hauled out and saved in that way; 
or, if they have sufficient presence of 
mind and enterprise, they may take 
the whole line, when it is thrown to 
them, and, making fast one end 
within the room, they may lower 
themselves down to the street ; the 
persons outside meanwhile watching 
to receive them below, and hauling 
the hanging end of the line sideways, 
if necessary, to keep them clear of 
obstructions or of Same issuing from 
the windows during their descent. 



Hauling by a line from an opposite 
house. — In narrow streets several 
devices may be made available. A 
line may be thrown across, and the 
persons in danger may be hauled 
out direct This would be a dan- 
gerous proceeding, as they might 
receive a heavy blow on striking the 
wall opposite ; but, even if this did 
occur, it would be better than aban- 
doning them to the flames. In case 
it is necessary to do this, the fireman 
should endeavour to make fast the 
part of the line which he holds at as 
high a point as possible, for the pur- 
pose of reducing the blow caused by 
the falL 

Thus, in a street iz feet wide, if 
there be a difference of level of only 
6 feet between the point over which 
the line passes and the window from 
which the persons are to be rescued, 
they would receive a heavy blow 
against the wall on the opposite side, 
unless precautions were taken to 
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prevent it; whereas, if there be a 
difference of level of 40 or 50 feet, 
they would scarcely receive any 
shock at all, even if no precautions 
were taken. 

If, however, they happen to have 
any presence of mind, a second line 
may be thrown to them, one end of 
which they might make fast inside 
the room, and, by holding on to 
the part outside, escape the blow 
altogether. 

Should this, however, be imprac- 
ticable, an intelligent fireman may 
find other means of breakii^ the fall, 
such as by holding out a preventer, 
or a plank, to check the line ; by 
hai^ng a bed or other soft substance 
on the wall against which they are 
to fall; or by so adjusting his line 
that the persons to be rescued should 
fall towards an open window, at 
which they may be caught in the 
arms of ^e inmates, and thereby 
escape the shock altt^ether. 

Rescuing by Planks or Ladders 
thrown across. — Planks, poles, or 
ladders also may be passed across, 
and placed horizontally from window 
to window as a bridge, on which 
persons may walk or creep over. 

In most houses, it might hardly 
be possible to bring ladders or other 
long appliances upstairs inside ;- but 
there can be no diiScuIty in hauling 
them up on the outside by a line let 
down from a window or the roof. 

When rescuing persons from a 
house on fire in this way, it will be 
well, as a precaution, to make a line 
fast to them, as they are likely to 
lose nerve, and, when they do, they 
will either stop in the middle or faU 
off. 

Rescuing by the Jumpinc-Sheet. 
Should all the previously-men- 
tioned means turn out impracticable, 
the fireman should prepare his jump- 
ing-sheet, getting as many person^ 
as possible to hold it by the hand- 
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loops or beckets, at a height of about three feet from the ground, putting 
at the comers those who are most accustomed to deal with emergencies — 
such as pohcemen, who are almost always certain to be present; and, 
when all is ready, he should order die persons in the house to jump 
out, at the same time watching the whole proceeding with the utmost 
attention, and taking care to move the party holding the jumping-sheet 
a little, so as to ensure the body falling m the centre. 

The best mode of placing the jumping-sheet will be to make the 
persons holding it take the beckets with both hands, their arms being at 
full stretch, their feet forward, and their heads and bodies thrown well 
back, so as to stretch and tighten the centre of the canvas as much as 
Even when the jumping-sheet is properly arranged, wiUi 










11 




plenty of help for holding it, it is very difficult to support it against the 
weight of a body coming from a considerable height; it is therefore 
most desirable, whenever practicable — and it will generally be found to 
be so — to place under the whole of the jumping-sheet, but more par- 
ticularly under the centre, a bed, carpet, truss of hay, or any other soft 
substance, which will have the effect of breaking the fall. 

Returning from a Fire, 
_ As soon as the fireman has ascertained, either by his own observa- 
tion, if he be alone, or by the orders of his superiors, if there be any of 
his superiors present, thai he can be of no further service, he must 
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return to his station with reasonable speed, and must get the escape 
ready for another run, making whatever inspection may be necessary, 
securing the machine, and using all other precautions, in the same way 
as when first taking duty. 

Mode of Proceeding in Cases of Burns or Scalds. 

In case of bums and scalds, however slight, medical aid should be 
obtained on the spot as soon as possible, and in the meanwhile the fire- 
man must be very careful not to allow water to be thrown on the patient, 
or any other step to be taken which may pause a shock to the system. 

The best course to pursue while waiting for the arrival of the medical 
attendant, will be to cover the patient with a layer of wadding or cotton 
wool saturated with common linseed oil, or, if none of this be available, 
then with the cotton alone. This will exclude the air, and, if the lotion 
be used, it will not stick to the skin. 

Should there be any difficulty in obtaining the aid of a iBfedical man, 
the fireman should take such measures as may seem best to' remove the 
patient at the earliest possible moment, either in a cab or otherwise, to 
some hospital. » 

In conveying a patient to a hospital, it is always advisable to use a 
covered conveyance ; and in removing the clothing of a person much 
burned or scalded, the greatest possible care should be taken not to strip 
off the skin with the garments. 

It is important to remember, that the greater the amount of surface 
injured, however slightly, the more severe will be the effect on the system. 

In the country, or other places in which medical aid cannot be imme- 
diately obtained, every fire-engine might be provided with a small quan- 
tity of cotton and a quart bottle of lotion, marked, " Lotion for Bums 
and Scalds." This is made by mixing equal parts of lime water and 
linseed oil ; it costs very little, and keeps for any length of time. This 
lotion should be well shaken before being poured out for use. 

Payments for Assistance. 

In London, the following are the authorised rates of payment for 
assistance in going to and returning from a fire : — s. d, 

A call to a fire ... ... ... ... i o 

Assistance with the escape ... ... ... i o 

A call, and assistance given by the same person 2 6 
Additional reward for the person giving the 

call, if a life is saved by the fireman ... 2 6 
A message sent by the fireman ... ... i o 

The fireman may obtain the assistance of three persons when pro- 
ceeding to a fire. 

Most of the directions here given have reference chiefly to the case 
of a fireman arriving before the engines, and finding himself alone; but 
it is of course to be understood that in the event of his getting up after 
others, he should take the earliest available opportunity of reporting his 
arrival to the senior present — ^whether an officer or not — ^and placing 
himself in the ordinary way under his orders. It is also to be under- 
stood, that no fireman of any rank ever leaves the scene of a fire except 
by order of the senior present 
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APPLIANCES 

FOR 

ENABLING PERSONS TO BREATHE IN DENSE SMOKE 

OR POISONOUS VAPOURS. 



Numerous attempts have been made, both in ancient and mcxiem 
times, to enable persons to enter safely into places full of smoke or 
noxious vapours, but very few of the appliances employed for the pur- 
pose, even though apparently successful during experiments, have 
received the sanction of permanent use. Means have been invented to 
enable persons to pass through the flames of a furnace at nearly white 
heat, but they have been troublesome and expensive, and obviously so 
seldom likely to be of any use, except for purposes of display or public 
entertainment, that they have naturally fallen below the level of practical 
criticism, and are only mentioned here as matters of scientific curiosity. 

Our great enemies in this way are smoke, and those innumerable 
poisonous vapours created by intense heat, imder certain combinations, 
well known to chemists, but too abstruse to be explained here, which 
we designate under the general title of mephitic gases. 

The vapours which we find dangerous probably include azote, 
sulphurised hydrogen, carbonic acid gas, choke damp, and numerous 
other defined and well-known gases; but it is unnecessary to enter 
here into the chemical details, or to be very precise as to the terms by 
which these vapours are designated in laboratories, as I mean simply 
to include under the general head of mephitic gases all those vapours 
we meet in our business which will not permit respiration to contmue 
within their range. 

To enable a man to enter into and remain in a place strongly impreg- 
nated with mephitic or noxious gases, two courses are open. One is to 
supply him with pure air from an external source ; the otiier to provide 
him with the means of filtering for himself such air as he finds, admitting 
to his lungs only that which is pure and useful, and rejecting the rest. 

I will now endeavour to describe a few of the best known appliances 
for this purpose, including breathing tubes, air bag and tubes, smoke 
jacket, smoke cap, woollen filter, and fire-proof clothing ; and I will take 
them in the order here given, commencing with the breathing tubes. 

Breathing Tubes. 

For supplying air from external sources several modes have been 
tried, among others what were known as breathing tubes, one leading 
from the external air into the mouth, the other leading outward from the ' 
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nose, and a mouth-piece and nose-valve arranged for the purpose. This, 
in certain c?ses, has 
proved efficacious, but 
the working of it re- 
quires not only practice, 
but an amount of atten- 
tion which it is difficult 
to keep up, and when 
the inlet or air-pipe has 
to be very long, and to 
go rouod curves, the 
labour involvedinbreath- 
ing is soraetimes consi- 
derable. Why this should 
be so I cannot say, as the 
pressure of the external 
atmosphere ought to be 
ample, and more than 
ample, to overcome the 
friction in the pipe ; hut 
it has occurred, and 
does occur, and there- 
fore ought to be mentioned. Another application by these tubes is by 
means of a mouth-piece alone, with two openings, which can be closed 
alternately by the tongue, the nose being stopped with a nose-pincers. 
This also has proved successful in very simple cases, and for short 
periods, but it is evident that it would not do for our rough work and 
rapid movements. It is quite correct in principle, but is probably best 
adapted, in practice, to the purpose for which it has been much used 
abroad, namely, to enable persons to breathe under water in certain 
baths which require the immersion of the head. Attempts have also 
been made to work with a pipe leading merely from the man's mouth to 
the ground, but they have been for the most part unsuccessful, and when 
not unsuccessful have been useless, as a man generally is on his hands 
and knees on such occasions, and then does not require the pipe, or, 
if he is standing up, he has only to stoop down and obtain such clear 
air as there may happen to be available. 

Although these long breathing tubes have been in partial use for 
many years, and an illustration of them appears in an old French 
manual, there are several very essential points in coimection with 
them which have never been sufficiently attended to in order to adapt 
them to our work. 

One is, that it is absolutely necessary to have full use of the nose as 
well as the mouth for breatfiing, when hard work has to be done; 
another, that there ought not to be any part of the apparatus within 
the mouth, as this causes an accumulation of saliva and mucus, which 
has a most injurious effect on a man engaged in heavy labour; another, 
that the whole should go on and off together, and not in separate pieces, 
as hitherto ; and another, that all the materials and workmanship should 
be of such a kind as to give those who use the apparatus confidence. 

There seems to be no reason why the requirements of firemen in this 
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way should not be met b^ a mask of a partially flexible material, such as 
thin lead or stiff leather, and with thick soft padding or air and water 
tubes, containing, in one piece which could be instantly slipped on, a 
pair of eye-glasses, a nose and mouth-piece together, and a valve 
chamber, of the same pattern as that used for the smoke cap, and 
described further on. In fact, I have made such a mask, and it works 
very well, and is satisfactory in all respects except cost ; and even in this 
point I am not without hope, as I think some of the fittings may yet be 
reduced in such a way, that the little apparatus may not be too expensive 
for general use. 

Air Bags and Tubes. 
Another mode is to carry into the smoky 
place an inflated bag of air, with two tubes, 
of the kind already described, connecting 
it with the mouth, one tube leading from 
the bottom of the bag or reservoir, and the 
other to the top, the tongue acting as a 
valve. In this case the man inhales ■ 
through the tube leading from the bottom, 
and exhales through that leading into the 
top, and the discharged air being warmed, 
and consequently lighter, remains for a 
time on the top, and, mixing with the 
remaining air, may be inhaled again 
several times. With such an apparatus 
working properly, a man can remain in the 
foulest air several minutes, but it is obvious 
that he must be very careful in the 
management of the tubes. 

Smoke Jacket. 
One of the safest appliances for the supply of air to a person working 
in a smoky or vitiated atmosphere is 
that known for many years in most 
English fire brigades as the smoke 
jacket, and abroad as the d/otjse contre 
I'aspkyxk, appareil d feu de cave, or 
in some places as the appareil Paulin, 
from the name of its supposed inventor. 
The smoke jacket consists of a blouse 
of cow-hide, pliable, light, and mounted 
with a hood which completely envelopes 
the man's head. It is mounted in front 
of the face with a pair of eye-glasses, on 
a half cylindrical sheet of glass, firmly 
fitted to the front of the hood, so that 
the wearer can see everything in the 
place to which he has penetrated ; and 
underneath the mask there is a whistle 
fitted with a valve, which serves for^ 
giving signals. Straps and buckles, 
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called bracelets, hold the sleeves round the wrists; and a thong, 
called a cuissiere, or leg-strap, which is fixed in firont, and, after passing 
between the legs, is buckled behind, prevents the blouse rising. It is, 
besides, held over the hips with a leatiier girdle, on the front of which a 
lamp can be carried when required. On the left side is fixed a screw, to 
receive the corresponding screw of a hose which is of the same pattern 
as those of the fire-engines, and communicates at the other end with one 
of these engines. The pump of the fire-engine being set to work, of 
course without water, drives air into the jacket, swells it out, and keeps 
the man in a compressed atmosphere, which is continually renewed. 
The surrounding air cannot penetrate, being continually driven back by 
that escaping at the wrists and other openings. Once inflated, the 
blouse holds enough air for a man to be able to breathe in it without 
difficulty for six or eight minutes, but it is necessary to continue working 
the pumps, in order to enable him to remain inside any length of time. 
When the lamp is lighted, air is introduced to it by means of a little 
pipe communicating with the inside of the jacket. 

This smoke jacket is very usefiil for extinguishing fires in vaults, 
stopping conflagrations in the holds of ships, and penetrating wells, 
quarries, mines, cesspools, &c. ; any place, in short, where the air has 
become unfit for respiration. The special advantages of this jacket are 
its great simplicity, its faciHty for use, and the rapidity with which it can 
be carried about and put on ; but its drawback is, that it requires the use 
of an engine, or air-pump, and consequently is of no service to one man 
alone. For this latter reason, smoke jackets, although very effective 
for enabling us to get into convenient places for extinguishing fires, have 
very rarely proved of any avail for saving life. 

Wherever vulcanised india-rubber tubes are used for the purpose of 
conveying air to the lungs, I should recommend very great caution, as it 
is undoubted that, at least in some cases, men have been known to 
suffer serious inconvenience, if not to incur considerable danger, from 
inhaling through this material. This is, however, a very trifling difficulty, 
and I have no doubt has only to be pointed out to be speedily 
obviated. 

Smoke Cap. 

Another apparatus, and one firee firom the disadvantage of being 
dependent on aid for its use, is the smoke cap, which is very light and 
portable, and can be brought into use almost instantaneously by a man 
working alone. 

A smoke cap is an apparatus by means of which a man is able to 
breathe when working in dense or poisonous vapours. It provides for 
the mouth and nose a light, closely-fitting filter with valves, and for the 
eyes a complete cover, which will act as a protection without obstructing 
the sight, the whole being capable of being put on and completely 
adjusted for use in a few seconds by the man who is to wear it, without 
aid from any one else. 

It is desirable that it should be strong and fit for rough work, also that 
it should contain no delicate parts likely to get out of order, and no 
material parts inaccessible for immediate examination. 

Every one of these requirements may be separately carried out with- 
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out much trouble, where the questions of time and rough usage can be 
put out of consideration; but the combination of the whole for rough 
work, and the shortness of the time available at our business for adjusts 
ment, have hitherto constituted very serious difficulties, which, however, 
it may be hoped, are now to a great extent, if not altogether, overcome. 

The filter, which separates the pure air from smoke of noxious vapours, 
and which constitutes the speciality of the apparatus, is the invention of 
Professor Tyndall, who has in the kindest and most liberal manner 
placed it at our disposal solely from public spirit, and without fee or 
reward of any kind whatever. 

The first complete apparatus, as now issued, waa designed and made 
up by ourselves in the workshops of the fire brigade, and served as the 
pattern for those afterwards furnished by contractors. 

The smoke-cap consists mainly of two parts, called respectively the 
hood and the respirator. 

The hood is made of the best dressed calfskin, blacked, cut in sections, 
and closed with air-tight joints, each part overlapping the next to an 
extent of half-an-inch, and the sections strongly sewn together with two 
separate rows of saddlers' stitching. The skull part is fitted to the shape 
of a man's head, and is about 24 inches in circumference at the widest 
part ; underneath this there is a band about 2 inches deep, forming a 
collar, to the lower edge of which there is attached a kind of yoke or 
apron-piece about 6 inches deep, shaped to fit on a man's chest and 
shoulders under a tunic 

To facilitate the putting on and taking off of 
the hood, there is an opening down the whole 
of the back part, from the crown to the neck, and 
on each side a row of four eyelet holes with 
brass bushes, through which there is rove as a 
lacing a leather thong, the ends of which go 
round to the front, and, after passing through a 
small metal ring, are knotted at the ends below 
two hard wood knobs, to prevent their being 
*" pulled back through the ring. When the hood 
has been put on, the thongs are pulled in front, 
and, rendering through the eyelet holes, draw 
the whole of the skull part close to the head. 
The opening at the back is fitted with a piece of 
what !s commonly known as waterproof sheeting — a thin, air-tight 
material, which occupies very little space, and although wide enough 
to allow the head to enter freely, is easily folded away by the drawing 
of the thongs. The lower flap or apron part is tucked in under the 
collar of a tunic, so as to form an air-tight joint sufficient for the 
purpose. 

To the front of the hood, inside, is attached, by means of round- 
headed brass rivets, a frame or piece of tinned sheet metal, shaped to fit 
the front of a man's fece, from the bridge of the nose to the chin, and 
fitted with a rubber tube, containing air and water. Opposite the 
mouth, there is attached to this frame a piece of brass, widi a circular 
opening, cut on the outside with a male thread to take the swivel screw 
of a respirator. The male screw to which this swivel is coupled has cut 
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inside it a recess, in which a leather washer is placed, so as to make an 
air-tight joint when the coupling is screwed up. 

At a distance of about four inches above the mouth-piece there are 
fixed a pair of curved eye-glasses of the best clear glass, set with cement 
in brass rims with lugs, which are attached by screws to curved metal 
frames, rivetted on the inside of the hood. The respirator consists of 
two parts, the valve chamber and the filter tube. 

The valve chamber A is formed of a piece of best drawn brass tube, 2 
inches long and 2 inches in diameter, with an upper and lower valve 
plate, and between the two a slotted horizontal opening, to which is 
soldered on and rivetted a brass connecting piece E, about half-an-inch 
long, fitted on the end with a swivel screw to match the outer mouth- 
piece screw on the hood. 

Each of the valve-plates is fitted with 
three ebonite ball valves, two only being 
seen in the diagram, ^-inch in diameter, 
turned perfectly round, and without the 
slightest projection or rim in any part e 
The openings in the plates are 5/ioths of 
an inch in diameter, and are so cut that 
the seatings embrace at least one-third 
of the valves. The seatings, which are 
separate pieces, are screwed into the 
plates, and are most carefully bevelled out 
so that the valves shall make an exact fit, 
being neither so tight as to stick nor so 
loose as to allow leakage. The valves are 
properly protected above by metal guards, 
which allow a lift of i/8th of an inch for 
suction, and a shade less for delivery. 

Above the delivery valves there is 
screwed on a nut or cap plate B, which 
protects the valves and guards from injury, 
and is pierced round the edge with 28 
holes for the escape of the discharged air. 

The filter tube O is also of brass, of the 
same diameter as that used for the valve 
chamber, and is four inches long. Across 
the upper end, inside, there is soldered Half-Scalk. 

on a piece of fine copper-wire gauze, with i/i6th of an inch mesh, to pre- 
vent wool or other light substances passing, and over the lower end there 
is screwed on a brass ring or cap D with a similar piece of wire gauze. 

The whole of the respirator is tinned inside and lacquered outside. 

The following parts of the respirator are screwed on to each other, 
and are therefore capable of being quickly and easily separated for 
examination and cleaning when necessary : — 

1. The top nut or cap plate, which has a female screw to receive the 
male screw at the upper end of the valve-chamber. 

2. The valve-chamber tube, which has two male screws, of the 
cylindrical part of the suction-valve plate, and the one at the top to 
join the covering plate or top cap. 
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3. The suction-valve plate, which has two female screws, the one at the 
bottom to take the top male screw of the filter tube, and the one at th^ top 
to join a male screw cut on the lower end of the valve-chamber tube. 

4. The whole of the filter tube, which has two male screws, the one 
at the bottom to take the cap, and the one at the top to join a female 
screw cut underneath in the cylindrical or outside part of the suction- 
valve plate. 

5. The lower cap, which has a female screw, and is joined to the 
mde screw on the bottom end of the filter tube. 

The charge for the filter consists of the following materials, which are 
put in with the tube turned upside down, and, of course, the lower cap 
removed : — Half-an-inch deep of dry cotton wool, an inch deep of the 
same wool saturated with glycerine, a thin layer of dry wool, half-an- 
inch deep of fragments of charcoal, half-an-inch deep of dry wool, half- 
an-inch deep of fragments of lime, and about an inch deep of dry wool. 

These should be packed so closely as to fill every part of the chamber, 
and they should be pressed down as tightly as experience shows to be 
compatible with facility of breathing through them when in use. After 
this the lower grating cap is screwed on, and the filter is then ready 
for use. 

Alteration in Arrangement of Charge for 

Smoke-cap Filter. 

The following changes may be made in the arrangement of the charge 
for the smoke-cap filter, as previously explained. 

Experience has shown that the fragments of lime, which are put in for 
the purpose of absorbing carbonic acid, become reduced to powder 
merely from the effects of the atmosphere, and are often quickly slaked 
by a man's breath. As these particles, when pulverised, render breathing 
very difficult — ^and it has been thoroughly ascertained that in fires carbonic 
acid is very seldom present in sufficiently large quantities to cause actual 
danger — it has been determined to remove the lime altogether, and to 
re-arrange the other materials. 

The following is found a good arrangement : — Half-an-inch deep of 
dry cotton wool, an inch deep of the same wool saturated with glycerine, 
half-an-inch deep of dry wool, an inch deep of firagments of charcoal, 
and an inch deep of dry wooL 

It will, of course, be understood that, whenever carbonic acid is known 
or suspected to be present, a layer of fragments of lime may with advan- 
tage be added for immediate use, a corresponding portion of dry wool 
being removed for the purpose; but in such cases it is advisable to 
remove the lime shortly after use, and to replace the wool as before. 

Each particle of smoke is in fact a piece of solid carbon or charcoal, 
carrying in it, and with it, a small load of noxious vapour, which pro- 
duces greater irritation in the throat and lungs than even the solid 
particles; and there is always present in smoke some carbonic acid, 
which, though generally at work in small quantities, is occasionally 
found sufficient to cause both trouble and risk to those inhaling it. 

The dry cotton wool acts with great effect as a filter, arresting the 
larger portion and coarser particles of the opaque smoke. 
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The wool, moistened with glycerine, acts as a finer filter, arresting 
that portion of the opaque matter of the smoke which, from its tenuity, 
escapes arrest by the dry wool 

The charcoal arrests the invisible pungent vapours existing in the 
smoke, which no mere mechanical filtration would effect 

The lime absorbs the carbonic acid produced by the combustion of 
burning. 

The succession of the layers may be changed without prejudice to 
the action, but for such rough business as ours it is well to have some 
dry wool in at least the following places, namely : on top, to prevent 
the taste of the glycerine, charcoal, or lime penetrating into the mouth ; 
between the charcoal and lime, to prevent their mixing; and at the bottom, 
to prevent the charcoal or lime falling out. 

To prepare for putting on the smoke-cap, take off the helmet, open a 
few of the top buttons of the tunic, and turn over the collar, breast, 
and back, as low as possible, without interfering with the free movements 
of the arms. 

To put on the cap, hold it with the face part downwards, open the 
lacing sufficiently to allow the head to pass in, and, taking the lower 
part of the sides or flaps in both hands, with the knobs and the ends 
of the thong hanging down, slip the hood over the head, and, as soon as 
the top rests on the crown of the head, adjust the nose and mouth-piece 
over the nose and mouth, which will bring the eye-glasses and other 
parts into their proper places ; tuck in the lower flaps under the tunic, 
take hold of the thongs in front, and pull on them until the lacing at the 
back draws the skull part close to the head all round. 

It is not actually necessary to knot the ends of the thong in front, but 
it is convenient to do so, and in any case they ought to be tucked 
inside the breast of the timic, lest they should catch in anything when at 
work. After this, turn up and button the tunic, put on the helmet, and 
then all is ready. 

Care should be taken to fasten the nose and mouth-piece so tightly 
as to prevent the escape of exhalations, which would dim the eye- 
glasses. 

It is almost needless to mention that the hood may be put on with or 
without the respirator, as the latter can be coupled on and removed 
equally well whether the hood is on or off. 

For practice the whole should be done by the man himself, without 
any help whatever. 

With valves so very small and light as those necessarily used in an 
apparatus which is carried on a man's head, there is always more or less 
danger of their sticking in the seats or guards, especially when sub- 
jected to the combined action of heat, and of the vapour and water 
from a man's mouth ; but this danger is generally obviated without any 
difficulty by the man either tapping the side of the respirator with his 
hand, or jerking his breath and blowing out any water which may have 
accumulated in the valve-chamber. 

The cap, with all fittings complete, is carried in a circular tin case, 
about 10 inches long, and 6 inches in diameter, with a capacity of 282 
cubic inches, or less than one-sixth of a cubic foot 
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The weights of the several parts are as follows : — 

ozs. lbs. ozs. 
Hood, with mouth-piece, thong, &c. ... 14 

Respirator — 

Top cap ... ... ... ... I J 

Valve-chamber tube, with top valve- 
plate, valves, guards, connecting- 
piece and swivel coupling ... 7 J 
Lower valve-plate, with valves, guards, 

and cylindrical part 2J 

Filter tube, with top grating 5 

Lower cap of filter tube i 

— II 

V^UcLIkC ... ... ... ••* ... ^3 

Tin case ... ... ... ... i 8 



1 otai ..• ... ... ... 40 

Summary of Weights. 

lbs. 

Hood and fittings ij 

Respirator (charged) 1} 

Total as worn ... ... ••• 2|- 

Ain case ... ... ... ... ia' 

Total as carried 4 

Woollen Filter. 

This is a very simple contrivance, but one more firequently used than 
perhaps all the others together. When some of the appliances previously 
mentioned cannot be obtained, a man who has to enter smoky places 
will find a great advantage in placing oyer his mouth and nose any 
woollen or other substance which will act as a filter, and intercept the 
grosser sooty particles of the smoke. 

FiRE-PROOF Clothing. 

In connection with this part of the subject — though, as already ex- 
plained, rather as a matter of scientific interest than of practical use- 
fulness — the following description is given of an apparatus for enabling 
a man to pass through a furnace, and even to remain in it for several 
minutes. 

Description of the "Appareil Aldinl" 

In certain cases it may be indispensable to traverse the flames in 
order to reach some particular spot, and it was for the purpose of pre- 
serving persons who find themselves in such circumstances that the 
Chevalier Aldini, an Italian physician, thought of the apparatus which 
bears his name. 
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This preservative apparatus consists of two vestments, one composed 
of a thick tissue of asbestos (amianthus\ or woollen stuff, made incom- 
bustible by means of a saline solution, the other of a metallic cloth of 
iron wire, covering the first garment, and moimted with a helmet on its 
upper part 

A person enveloped in these two garments can withstand the action 
of flames for some minutes without experiencing any dangerous effects, 
for on the one hand the external metallic tissue cools the flames, and on 
the other hand the internal tissue transmits the heat very slowly, on 
account of the want of conductibility in the substances of which it is 
composed. 

Aldini's apparatus dates at least from the year 1825, but notwithstand- 
ing the good results which it has shown in the numerous experiments to 
which it has been submitted, it has never been adopted to any con- 
siderable extent, either because the circumstances in which it could be 
really of service are much too rare in comparison with the expense of 
its manufacture and maintenance, or because — as happens with a number 
of inventions — it presented in serious practice considerable inconveniences, 
such as rarely occur in experiments for mere show, where everything is 
generally arranged for the success of the operation. 

The following is an account of one of the experiments made in 
Paris, in 1829, by some sapeurs pompiers^ or firemen, with Aldini's 
clothing on : — Two piles were erected of thin wood, covered with straw, 
ten yards long, two yards high, and distant from each other about a yard 
and a-half ; two lateral openings allowed the firemen to go out from the 
flames, if they were compelled to do so, and in other ways facilitated the 
experiment, which consisted in traversing half the length of the burning 
heap, going out by one of the lateral openings and entering again by the 
opposite end, and then repeating the same experiment from the other 
side of the heap. The four firemen who were to make this trial were 
clothed in the new garment of metallic tissue ; two carried, besides, a 
clothing of asbestos (amianthus) over a cloth garment, rendered incom- 
bustible by borax, alum, and phosphate of ammonia j the two others had 
a double clothing of prepared cloth ; each man had boots of asbestos, 
and under the foot a piece of cardboard of that substance ; and one of 
them carried on his back a child, ten years of age, whose head was 
enveloped in a helmet of asbestos. The firemen penetrated together 
into the interior of the double pile of flames, and, walking slowly, 
traversed it several times. At the end of 60 seconds, the child en- 
closed in the basket cried out, so that the man who was carrying him 
was forced to retreat precipitately. They made haste to take out the 
child, who had in no way suffered ; his skin was tresh, and his pulse, 
which beat 84 before the experiment, was only 96 after it. He could, 
without any doubt, have remained much longer in this wrapping, were it 
not for the fear which seized him, and which was caused by one of the 
straps supporting the basket having slipped a little on the shoulder of 
the fireman who carried it. The child, at the sight of the flames which 
roared below them, thought he had been thrown into them. A few 
minutes after he was as merry as usual, and felt no uncomfortable 
sensation. The fireman who carried the child had, before the experi- 
ment, 92 pulsations a minute, and after it 116. The three others 

u 2 
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remained in the flames two minutes and forty-four seconds, and came 
out without having experienced anything except a sharp heat. The 
pulsations were before 88, 84, and 72 a minute, and after 152, 138, and 
124 a minute. The flame was continually fed with straw thrown upon 
that which was burning. There was very soon formed an enclosure of 
lire, in which the firemen were shut up ; and as a portion of the straw 
scattered on the ground threw up a flame which at times enveloped their 
legs, it was certain that the bodies of the men were exposed to the direct 
action of the flames. At a distance of more than six yards from the 
focus of the fire, the heat was so intense that none of the numerous 
assembly could remain there. In other experiments the firemen were 
fiimished with large shields, which they made use of to keep back the 
flames. It is obvious that such an apparatus as this could be of very 
little use for general work. 

I have now gone through the principal appliances I can remember 
for the purpose of enabling men to work in smoke and other dangerous 
places, confining myself chiefly to some of those which have been to a 
certain extent brought into practical use, but adding one instance of 
what I must own to be rather a scientific curiosity than anything else. 

There are thousands of other inventions which have been brought 
under my notice of late years in several countries, but none that I can 
remember at present which would be worthy of consideration in such a 
work as this. It may be that, in the criticisms which may be expected 
to follow the issue of these pages, some new idea will be suggested, and, 
if so, I can only say that it will be heartily welcomed as an addition to 
the very small stock of knowledge which at present exists on the subject, 
and which, so far as my corps and I are concerned, would have been 
smaller still but for the cordial assistance we have received firom Professor 
Tyndall, to whom our most sincere acknowledgements are due for his 
generosity in giving us valuable information, which we have been enabled 
to turn to practical use. 
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CONSTITUTION. 



The brigade is constituted under an Act of Parliament, 28 & 29 
Vict, cap. 90, which entrusts the duty of extinguishing fires, and pro- 
tecting Hfe and property in case of fire, to the Metropolitan Board of 
Works ; and authorises the Board to provide and maintain an efficient 
force of firemen, fire-engines, horses, accoutrements, tools, and imple- 
ments, as may be necessary for the complete equipment of the force, or 
conducive to the efficient performance of their duties. 

Also to provide fire-engine stations, to establish telegraphic communi- 
cation, to appoint and remove at their pleasure the members of the 
brigade, to pay such salaries as they think expedient, and to make such 
regulations as they think fit with respect to the compensation to be made 
to them in case of accident, or to their wives or families in case of their 
death ; also with respect to the pensions or allowances to be paid to 
them in case of retirement ; also with respect to the gratuities to be paid 
to persons giving notices of fires ; also with respect to gratuities by way 
of a gross sum or annual payment to be from time to time awarded to 
any member of the said force, or to any other person, for extraordinary 
services performed in cases of fires; also with respect to gratuities to 
turncocks belonging to waterworks, fi-om which a supply of water is 
quickly derived. 

The Act lays down that the brigade shall be under the command of 
an officer, to be called the Chief Officer of the Metropolitan Fire 
Brigade, and it gives the following very large powers to him or his 
representative. 

On the occasion of a fire the chief or other officer in charge of the 
fire brigade may, in his discretion, take the command of any volunteer 
fire brigade, or other persons who voluntarily place their services at his 
disposal, and may remove, or order any fireman to remove, any persons 
who interfere by their presence with the operations of the fire brigade, 
and generally he may take any measures that appear expedient for the 
protection of life and property, with power by himself or his men to 
break into or through, or take possession of, or pull down, any premises 
for the purpose of putting an end to a fire, doing as little damage as 
possible ; he may also on any such occasion cause the water to be shut 
off from the mains and pipes of any district, in order to give a greater 
supply and pressure of water in the district in which the fire has occurred ; 
and.no Water Company shall be liable to any penalty or claim by reason 
of any interruption of the supply of water occasioned only by compliance 
with the provisions of this section. 
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All police constables shall be authorised to aid the fire brigade in the 
execution of their duties. They may close any street in or near which 
a fire is burning, and they may of their own motion, or on the request of 
the chief or other ofiicer of the fire brigade, remove any persons who 
interfere by their presence with the operations of the fire brigade. 

Any damage occasioned by the fire brigade in the due execution of 
their duties shall be deemed to be damage by fire within the meaning 
of any policy of insurance against fire. 

The power here described is probably the largest ever granted to any 
individual in this country, and it of course requires to be used with great 
discretion ; but it is to be observed, that it has been in force now for 
upwards of ten years, and that, although it has been brought into active 
operation about 16,000 times, no serious question has yet arisen as to 
the mode in which it has been exercised. 

The funds for the maintenance of the brigade are provided from three 
distinct sources, namely, the insurance companies doing business in the 
metropolis, the treasury, and the ratepayers. 

The insurance companies pay at the rate of thirty-five pounds per 
million pounds of gross annual insurances, and, as they insure at present 
517 millions' worth of property, this contribution now amounts to 
;;£"! 8,000 a year; the treasury contributes a fixed sum of ;£"! 0,000 
a year for the general protection of the national buildings; and the 
inhabitants pay a rate of a halfpenny in the pound on property assessed 
at 21 millions, which brings in ;^43,5oo, thus making at present a total 
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The Metropolitan Fire Brigade consists of a number of fire-engine 
stations distributed about London; each station containing a certain 
number of engines, generally one or more escapes ; the necessary force 
of firemen to man these, and to perform such other duties in the way of 
watches or assistance elsewhere, as may be required ; at least one coach- 
man and one pair of horses, and an officer in charge of the whole. 

These stations are grouped together into districts, each district being 
under the charge of an officer, who conducts the whole business of it 
either by orders from a superior, or, in the event of no orders being given, 
entirely on his own responsibility. 

The districts again are grouped together into a common centre for the 
whole establishment, under the charge of a superior executive officer, 
who conducts the whole business under orders issued in the form of 
resolutions by the Board of Management 

The officer in charge of a station is called an engineer ; the officer in 
charge of a district or group of stations is called a superintendent ; and 
the principal executive in charge of the whole is called the chief officer. 

Each engineer has a separate line of telegraphic communication to 
his own superintendent, and each superintendent has a separate line to 
the chief officer. The arrangement of these lines is shown on the map. 

All ranks live in the stations, or close by, the married men and their 
families having rooms set apart for them, and the single men generally 
living and messing together in parties, ranging from two to about ten. 

The ranks in the establishment are as follows, namely: — Chief 
officer ; superintendents ; first class engineers ; second class engineers ; 
first class firemen; second class firemen; third class firemen; and 
fourth class firemen. 

The following is a copy of the proposal originally made to the Home 
Office, and printed by order of the House of Commons in 1864 : — 

** Scheme by Captain Shaw for a Metropolitan Fire Brigade. 

"London Fire Brigade. 

" The following scheme for the protection of the metropolis, within a 
circle of over twelve miles in diameter, with Charing Cross as a centre, is 
based on a practical knowledge of the actual condition of London at the 
present time with regard to risk of fire. The following points being 
taken into special consideration : — 

" I. Population; 2. Superficial area; 3. Nature of buildings; 4. Massed 
property; 5. Hazardous trades. 
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To meet every contingency, it is obviously most important that the 
distribution of a fire brigade should be widely extended, in order that 
the first engine, with a skilled fireman, should reach the scene of a fire 
in the shortest possible time, in comparison with which all other points 
are of minor importance. 

" The next matter for careful consideration is the undoubted fact that 
in this metropolis destructive fires have for the last thirty or forty years 
taken place, and still continue to take place, in close vicinity to fire* 
engine stations, thus proving that, even under the most favourable circum- 
stances, complete security against fire cannot be obtained in the existing 
condition of London. 

" While, therefore, I have placed the distribution first, as a matter of 
paramount importance, I consider it absolutely necessary, and secondary 
only to the distribution, to provide the means of massing together a large 
and powerful force at any given spot in the shortest possible time. 

" In order to carry out effectively both these objects at the same time, 
with the same force, and therefore in the most economical manner, I 
propose to divide London into six districts, each to be provided with a 
force of properly-trained firemen under the charge of a foreman or dis- 
trict engineer, the whole being under the command of one officer, to be 
styled Chief Officer of the London Fire Brigade. 

" Each foreman's district should contain a sufficient number of large 
stations, in which the firemen would reside, and each large station would 
have attached to it one or more auxiliary stations, to which the men 
would go on duty, by turns, for twelve hours at a time. 

" I consider it desirable to provide four different classes of fire-engines, 
viz.: — 

" I. Floating steam, delivering about 4,000 gallons of water per minute. 

" 2. Large land steam, delivering about 500 gallons of water per minute. 

" 3. Small land steam, delivering about 200 gallons of water per minute. 

"4. Under six-inch cylinder manual, worked by four men, and 
delivering about twenty gallons of water per minute. 

" For the first three classes the same sized hose and other gear at pre- 
sent in use would suffice, and the arrangement for drawing to fires, &c., 
would be also somewhat the same ; but I think the engines under six 
inches should be made almost as light as wheel-barrows, and should be 
provided with canvas hose and coupling screws, with a water-way not 
exceeding one inch and a half, the whole of the gear being of corre- 
sponding lightness, so that one man would be able not only to run 
this class of engine to a fire at the rate of six or seven miles an hour for 
the short distance he would have to go, but he could on arrival get to 
work by himself without waiting for further assistance than what is 
• required, and always forthcoming, for driving the pumps. 

" The foreman of each district should reside in the central station of 
his command, and the chief should reside in the central station of the 
whole, and these centres should be calculated, not geographically alone, 
but on the basis of the five important points already mentioned. 

" Each foreman's station should be connected, by alphabetical tele- 
graph, with every large station in his district, and also with the principal 
station occupied by the chief; and each large station should be connected 
with its own auxiliaries, by bell telegraphy with about six different sounds. 
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"The proposed London fire brigade would consist of i chief and 
574 officers and firemen, 4 steam-floating fire-engines, 6 large land 
steamers, 66 small land steamers, and 154 small manual engines, with 
horses, drivers, &c., distributed among 54 large and 103 small fire-engine 
stations, and extending over an area of about 120 square miles. 

" This organization I believe to be the most sound and effective for 
the present condition of London, and it is decidedly economical as 
compared with fire brigades either in Europe or America, the total cost 
being only ;£"; 0,000 a-year for efficiently protecting property valued at 
;^9oo,ooo,ooo sterling from the ravages of fire. 

" It is also capable at a trifling expense of being sufficiently modified, 
from time to time, to suit the changing requirements of trade and the 
varying exigencies of the metropolis generally. 

" In order to be more brief and intelligible, I omit here all details of 
duties, discipline, instruction, &c., but I append a series of tables giving 
full particulars of the original cost and annual expense of every article 
necessary for the service of an efficient London fire brigade, with 
salaries of officers, wages of engineers and firemen, charge for drawing 
engines to fires, &c." 

Then follow the tables, which it is unnecessary to reproduce here, as 
the scheme was not carried out in its entirety. 

Arrangement of Districts and Numbering of Stations in 

London. 

The whole of the metropolis is divided into four districts, called 
respectively by the letters A, B, C, and D — the three first being on the 
north side of the river, and the fourth on the south side. 

The A district includes that portion of London within what is known 
as the metropolitan area, bounded on the south by the river, on the west 
and north by the limits of the jurisdiction of the Metropolitan Board of 
Works, and on the east by a line of streets commencing near Hunger- 
ford bridge, and ending at Highgate, including 



Northumberland-street. 
Trafalgar-square (east side). 
St. Martin's-lane. 
Upper St. MartinVlane. 
West-street. 
Crown-street. 



Tottenham Court-road. 
Hampstead-road. 
High-street, Camden Town. 
Kentish Town-road. 
Junction-road. 
Highgate Archway-road. 

The B district is bounded on the south by the river, on the west by 
the before-mentioned line of streets, on the north by the limits of the 
Board of Works' jurisdiction, and on the east by a line of streets, com- 
mencing at London Bridge, and ending at Upper HoUoway, including 



King William-street 

Princes-street 

Moorgate-street 

Finsbury-pavement. 

Finsbury-place. 

Finsbury-square (west side). 

City-road. 

East-road. 



New North-road. 

Mintem-street 

Bridport-place. 

Southgate-road. 

Mildmay-park. 

Newington-green (south and 

west sides). 
Green-lanes. 
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The C district is bounded on the south by the river, on the west by 
the before-mentioned Hne of streets, and on the north and east by the 
limits of the Board of Works' jurisdiction. 

The D district is bounded on the north by the river, and on the other 
sides by the limits of the Board of Works' jurisdiction. 

The principle of numbering the stations is as follows : — 

The chief station is numbered i. This is not yet built. 

In the A district the superintendent's station is numbered 2, and the 
other fire-engine stations bear consecutive numbers up to and including 

14. . . 

In the B district the superintendent's station is numbered 15, and the 

other fire-engine stations bear consecutive numbers up to and in- 
cluding 24. 

In the C district the superintendent's station is numbered 25, and the 
other fire-engine stations bear consecutive numbers up to and in- 
cluding 37. 

In tiiie D district the superintendent's station is numbered 38, and the 
other fire-engine stations bear consecutive numbers up to and in- 
cluding 54. 

There are a few omissions of numbers, but these are owing to 
accidental circumstances, and do not interfere with the general prin- 
ciples of the scheme. 

The numbering of the stations within each district is arranged in 
the following way : — 

A line is struck north on the map from the superintendent's sta- 
tion, and the first fire-engine station on the right of that line, looking 
from the superintendent's station, takes the next number; the next on 
the right, still looking from the superintendent's station, takes the follow- 
ing number, and so on to the last. 

The fire-escape stations are both numbered and lettered, the number 
being that of the fire-engine station to which they are attached, and 
the letter the distinguishing mark for the escape. Every escape which 
stands at the door of a fire-engine station, and the watch of which 
can be carried on firom the engine house, is lettered A ; the first on the 
right of a north line firom the engine station, looking from the engine 
station, takes the next letter ; the next on the right of that, still looking 
from the engine station, takes the following letter, and so on to the end. 

As a rule it is not desirable to have more than two fire escapes 
attached to one engine station, but circumstances have made it neces- 
sary in some cases to have four. So large a number, however, involves 
an amount of labour in travelling and supervision, which it is almost 
impossible for an officer to carry out thoroughly. 

An intelligible principle of designating by numbers and letters is the 
true basis of an effective and business-like organization, and the intention 
in the case now under consideration has been to carry out this principle 
in the simplest possible way, so that the youngest hands can without 
difficulty master it within a short time of joining. 

The experience of many years in this, as in all other countries, leads 
to the conclusion, now fully established and undoubted among the 
educated men of my profession, that the two principal objects to be 
attained in the organization of a fire brigade are the greatest possible 
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distribution of tlie men and engines, and at the same time the power of 
concentrating and consolidating the whole force at the shortest possible 
notice, whenever occasion may arise for such a necessity. 

It is, perhaps, not surprising that these most desirable objects have 
never yet been combined in any one city, when it is remembered that 
until of late years but little attention has been paid to the subject. It 
is now, however, thoroughly understood by the leading men of the pro- 
fession, and many of them lament most sincerely that in their respective 
cities either concentration has been carried out to the exclusion of 
distribution, or that the distribution has been carried to such a degree as 
to render concentration and consolidation within anything like a reason- 
able time impossible ; and that now, either the apathy caused through 
the distribution of losses over a large area by means of insurance, or the 
fear of multiplying taxes, makes it out of their power to induce their 
mvmicipalities to undergo expense, even for so great an advantage as the 
reduction of loss by fire. 

To recapitulate. The first and most important point is, that a fire 
brigade should be so widely spread that the first engine with a skilled 
fireman should reach the scene of a fire in the shortest possible time. 

This is provided for by the proposed distribution of the force into a 
number of stations. 

The next point is, that in London destructive fires take place in all 
parts, even in the vicinity of fire-engine stations, and that consequently 
it is necessary to have the means of massing together a powerful force 
wherever required in the shortest possible time. 

This is provided for by massing the reserve men for duty in the 
central depots, and not scattering them through the small stations. 



The present Arrangement of Stations of the Metropolitan Fire 
Brigade will be found in the following pages. 

No. I, Chief Station, not yet decided. 

The Stations printed in large type are Engine Stations, those in small 
type. Escape Stations. 
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A DISTRICT. 



No. 



8 



'2a 



3« 
36 
3^ 



4a 



5« 

63 



^a 

lb 

I 

83 
8£ 



93 
9ff 



IC 



loa 

io3 

II 

Ila 
12 

Z2a 
Z2£' 



12^ 



13 



13^ 

13^ 
13^ 



14 



14a 

i4r 



NAME. 



Westminster 
Westminster 
Broad Sanctuary 

Warwick-square 

Brompton 

Pelham-crescent 

Eaton-square 
Sloane-square 
King's-road 

Fulham 
Fulham 
West Brompton 

Hammersmith 
Hammersmith 

Kensington 
Kensington 
Knightsbridge 

Notting-hill 
Ladbroke-road 

Lancaster-gate 

Paddington 
Aberdeen-place 

Cambridge-terrace 

Bishop's-road 

Baker-street 
Baker-street 
South Audley-street 
Connaught-place 

St. John's Wood 
Adelaide-road 
Eyre Arms 

Kilbium 

Hampstead 
Heath-street 

Portland-road 
Albany-street 

Tottenham-court-road 
Oxford-street 

Great Portland-street 

Regent-street 
Argyll-place 
Golden-square 
Piccadilly 
Marylebone-lane 

Highgate 
Highgate 

Camden-town 

Kentish-toMrn 
Floating 



ADDRESS. 



Night Station. 



Day Station. 



At the Engine Station 
South front of Westminster Hos- 
pital 
S.E. side of St Gabriel's Church 



Tothill-fields, Westminster 



At the Engine Station 
At the Engine Station 

St Gabriel's churchyard 



Trafalgar-square, Brompton 



Trafalgar-square, Brompton 

N. W. side of St. Peter's-church 
S. E. side of Sloane-square 
In a private-road, opposite Glebe- 
place, Kings-road 



S. side of Pelham-crescent, Fiu 
ham-road 

N.W. side of St. Peter's Church 

S.E. side of Sloane-square 

In a private road, opposite Glebe- 
place, King's-road 

Percy-cross, Walham-green 
At the Engine Station I At the Engine Station 

St Luke's Church, Kedclifie-sq. | St Luke's Church, Redcliffe-sq. 

Brook-green-road, Broadway 
At the Engine Station | At the Engine Station 



At the Engine Station 
Opposite All Saints National 
Schools, Knightsbridge-green 



King-street 

At the Engine Station 
Knightsbridge Barracks 



Ladbroke-road 



Horbury Chapel-yard, Ladbroke- 
road 
W. side of Christ's Church 



Horbury Chapel-yard, Ladbroke- 
road 
W. side of Christ's Church 



Hermitage-Street, Paddington -green 

^rm :«*•_ /^i 1 r^\ :_..»_ /^i -1 j 



S. W. comer of Christ's Chapel 

N.E. comer of Grand Junction- 
road 
S. W. corner of Trinity Church 



Christ's Chapel-yard, Aberdeen- 
place 

N.W. side of St Mary's Vestry 
Hall 

Trinity-churchyard, Bishop's-rd. 



At the Engine Station 
N. side of Grosvenor Chapel 
About 150 yards from Marble 
Arch 



33, King-street, Baker-street 



Bryanston-mews, Bryanston-sq. 
Chapel-place, South Audley-st. 
Connaught-place, Edgware-road 



Adelaide-road, close to Finchley-road 



At the Engine Station 
S.E. side of Eyre Arms 



Blind School-yard, Swiss Cottage 
All Saints' churchyard, Weliing- 

ton-road 
Bridge-terrace 



Bridge-terrace 

Ileath-street, comer of High-street 
At the Engine Station | At the Engine Station 

171, Great Portland-street, W. 
S.W. comer of Trinity Church, ! Trinity churchyard 

Marylebone-road j 

Opposite Tottenham Chapel • Middlesex Hospital 



Between Winsley-st. and Mar- 
ket-street, Oxford-street 
S.E. comer of St Paul's Chapel 



Ditto 
At the Engine Station 



39, King-Street, Golden-square 
Arcyll-place, Regent-street Argyll-place, Regent-street 

S. E. side of Golden-square Argyll-place, Regent-street 

N. E. comer of St. James's Church S. E. comer of St. James's Church 
S.E. side of St Marylebone 1 St George's churdhyard, Han- 
Court-house I over-square 

8, Highgate-road, Kentish-town 
At the Engine Station ^S.W. comer of St, John the Bap- 



S.E. end of High-street 

S. end of Kentish-town-road 

Off Millbank, near Lambeth-bridge 



tist Church, Highgate-road 
W. side of St Martin's Chapel, 

Pratt-street 
Kelly-street, Kenti»h-town-road 
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B DISTRICT. 



No. 



15 



IS* 



16 



16a 
i6c 



17 



17a 
17c 



18 



i8a 



19 



19a 
19c 



20 
20a 

20c 



21 



2Xa 

2l3 
21C 



22 



22a 
226 

22c 



23 



24 



NAME. 



Clerkenwell 
Farringdon-street 

Holbom-circus 

Islington 
Balls-pond 

Islington-green 

Bamsbury 

St Luke's 
Goswell-road 

St. John-street-road 

Old-street 

Watling-street 
Cheapside 

Chandos-street 

Chandos-street 
Long-acre 
St. Clement's 

Holbom 
Bedford-row 

Bloomsbury 

Foundling 

St. Pancras 

Claremont-square 

King's-cross 
Euston-square 



HoUoway 

Holloway 
Highbury 

New Cattle-market 



Drill Class 



Workshops 
Floating 



ADDRESS. 



Night Station. 



Day Station. 



Farringdon-road, comer of Mount-pleasant 
Obelisk, New Bridge-street 

Holbom-circus 



Grand Jtmction Wharf, White- 
friars 

St. Andrew's Street, Holbom- 
circus 



Essex-road 



At the Relief Offices, Newing- 

ton Green-road 
By the '* Myddelton" Statue 

Cloudesley-road, near the Rich- 
mond-road, Bamsbury 



At the Relief Offices, Newing- 
ton Green-road 

Vestry Hall-yard, Upper-street, 
Islington 

At the Fever Hospital, Liverpool- 
road 



64, Whitecross-street 
Near Charterhouse Church 



By the Cab-rank, opposite Cor- 
poration-row 
Opposite St. Luke's Church 



Old- 



St. Luke's churchyard, 
street 

At the Engine Station, Farring- 
don-road 

St. Luke's churchyard. Old- 
street 



66 to 69, Watling-street 



General Post Office -yard, 
Cheapside end 



General Post Office -yard, 
Cheapside end 



44, Chandos-street, Covent-garden 



At the Engine Station 

At the comer of Bow-street 

At the W. entrance to St. 

Clement Danes Church, 

Strand 



St. George's Barracks 

Bloomsbury churchyard 

St. Clement Danes churchyard 



Bedford-street, top of Brownlow- 

street, Holbom 
At the Hart-street eutrance of 

Bloomsbury Church 
Guilford-street, opposite the 

Foundling Hospital 



254, High Holbom 

At the Engine Station 

Bloomsbury churchyard 

At the Foimdling Hospital 



King's-road, comer of Pratt-street 



N.W. comer of the New River 

Reservoir, Pentonville-hill 
Comer of Liverpool-street 
By St. Pancras Church, Euston- 
road 



New River-yard, Amwell-street, 

Pentonville 
Great Northern Railway 
St Pancras churchyard, Euston- 

road 



Seven Sisters'-road, near the Holloway-road 



At the Station 

Chapel of Ease, Holloway- 
road 

N.W. Gate of New Cattle- 
market 



At the Station 

Chapel of Ease, Holloway- 
road 

N.W. Gate of New Cattle- 
market 



Grand Junction Wharf, Tudor -street, 
Whitefriars 



142, Waterloo-road 
Off Southwark-bridge 
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No. 



25 



25« 

353 



ay 



26 



36a 
36^ 



27 
37a 

28 

38a 

38^ 



29 



39a 
39^ 



30 



30a 
30* 



31 



31a 
31^ 
3ic 



32 



33a 



33 



33« 

33* 
33^ 



34 



34« 
34* 

34^ 



35 
35« 



O DISTRICT. 



NAME. 



Whitechapel 

Whitechapd 
Tower-hill 

Aldgate 



Hackney 

Hackney 
Kingsland 



Bethnal-green 

Bethnal-green 
Kingsland-road 

Mile-end 
Stepney 

Mile-end-road 

Bow 

Bow 
Old Ford 

Poplar 

Poplar 
Limehouse 

Ratcliflf 
Wapping 

Shadwell 

Cannon-street-road 

MUlwall 

• • • • 

Bishopsgate 
Bishopsgate 

Eastcheap 
Royal Exchange 

Shoreditch 

Shoreditch 
Finsbury-circus 

Hoxton 

Stoke Newington 
Stoke Newington 



Floating 



ADDRESS. 



Night Station. 



Day Station. 



Commercial-road East 



At the Engine Station 
Opposite Royal Mint, bottom of 

Minories 
Aldgate High-st. , at the comer of 

F enchurch-st.& Leadenhall-st. 



At the Engine Station 
Royal Mint-yard, Tower-hill 

At the Engine Station, Com- 
mercial-road East 



Amhurst-road, at the back of the Congregational Church 

At the Engine Station 
North London Coal Depdt, Dals> 
ton Junction 



At the Engine Station 
Ridley-ros^, High-street, Kings- 
land 



283, Bethnal-green-road 



St John's Church, Bethnal-green, 

at the comer of Green-street 

Colimibia Church, Kingsland-rd. 



St. John's Church, Bethnal-green, 

at the comer of Green-street 
Columbia Church, Kingsland-rd. 



263, Mile-end-road 



Near the Stepney Railway Sta- 
tion, Commercial-road 
Opposite Stepney-green 



Near the Railway-arch, White 

Horse-street, Stepney 
Charrington's Brwry.,Mile-end-rd. 



Glebe-road, High-street, Bow 



At the Engine Station 
St. Stephen's-road, Old Ford, 
near the Roman-road 



At the Engine Station 
Stafford-road North, Bow 



West India Dock-road 

Poplar-churchyard I Poplar-churchyard 

Comer of E. & W. India Dock-rd. | At the Engine Station 



19, Broad-street 

Near the Church, Chiuxh-street, 
Wapping 

Near the Church, High-street, 
Shadwell 

St. George's Church, Cannon- 
street-road, St. George's, East 



Workhouse-yard, Green Bank, 

Wapping 
Shadwell-churchyard 



St George's Church, Cannon- 
street-road, St George's, East 



In course of construction 
iVb/ yet decided 

23, Bishopsgate-street Without 



At the Engine Station 

E. of Rood-lane 
On the Pavement opposite Royal 
Exchange 



Alderman's -walk, Bishopsgate- 
street 

Ditto ditto 

Ditto ditto 



380, Old-street, near the new Town-hall 



At the Engine Station 

Albion Clutpel, at the comer of 

London-wall and Moorgate-st 
At the comer of Bookham-street 

and New North-road 



At the Town Hall 
Albion Chapel, at the comer oi 
London-wall and Moorgate-st 
Stone-yard, Hoxton-st, Hoxton 



98, High-street 
At the Engine Station | 94, High-street 

Off Torrington-stairs, Limehouse-reach 
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D DISTRICT. 



No. 



38 



38tf 
383 

39 

39« 
39^ 
39^ 

40 
40a 



40^ 



41 



41a 



4i3 



42 



42a 
42c 



43 



43f 
43* 



44 
440 



45 



45« 



46 



46a 



47 



47a 



48 



48a 

483 
49 

49« 

50a 
5o3 

51 

Sm 

52 
52a 

53 

53« 

54 
54« 



NAME. 



Kennington 

£lephant and Castle 

Kennington-cross 
Westminster Bridge-road 

Southwark 

Southwark Bridge-road 

St George's Ch., Borough 

Blacldriars-road 

Tooley-street 
Tooley-street 

Star-comer, Bennondsey 

Rotherhithe 
Rotherhithe 

Bennondsey, St. James's 
Church 

Deptford 

Commercial Docks 

Deptford Broadway 
New Cross 

Old Kent -road 
Old Kent-road 
Camberwell-gate 

Greenwich 
Greenwich 

Woolwich 
Woolwich 

Blackheath 
Blackheath 

Lewisham 
Lewisham 

Camberwell 
Peckham 

Camberwell-green 

Sydenham 

Sydenham High-street 

Brixton 
Brixton 
Stockwell 

Clapham 
Clapham 

Tooting 
Tooting 

Wandsworth 
Wandsworth 

Battersea 



Floating 



ADDRESS. 



Night Station. 



Day Station. 



Renfrew-road, Lower Kennington-lane 



At the Drinking Fountain oppo- 
site Tarn's and the S. E. corner 
of London-road, Southwark 

S.W. end of Lower Kennington- 
lane 

N. end of Kennington-road 



At Keimington Engine Station 



At Kennington Engine Station 

King Edward School-yard, St 
George's-road, Southwark 



Southwark-street 



Comer of Union-street, South- 
wark Brid^^e-road 
Comer of White-street, Borough 

Surrey Chapel-yard, corner of 
Charlotte-st., Blackfriars-rd. 



Messrs. Potts' Yard, Southwark 

^ Bridge-road 
Trinity-churchyard, Trinity-sq., 

Borough 
Surrey Chapel-yard, comer of 

Charlotte-st., Blackfriars-rd. 



N. side, opposite College-street, 

Tooley-street 
S. end of Bermondsey-street 



164 and 165, Tooley-street 



N. side, opposite College-street, 

Tooley-street 
Bennondsey churchyard 



Gomro-road, Rotherhithe Lower-road 



Opposite St. Mary's Workhouse, 

Lower-road, Rotherhithe 
N.E. end of Spa-road 



Rotherhithe Workhouse 
St, James's churchyard 



Eyeljm-street, Deptford 

"Trinity churchyard 



Opposite Trinity Church, m 

Trinity-street, Rotherhithe 
Deptford Broadway 
South side of New Cross-road, 

opposite Hatcham-terrace 

Comer of Thomas-street, Old Kent-road 



Tanner's-hill, Deptford 
The Mews, Hatcham Park-road, 
New Cross-road 



At the Engine Station 
N.E. comer of Arthur-st., Cam- 
berwell-road 



At the Engine Station 
Walworth Police Station 



Obelisk, opposite 
Church 



44, Blisset -street 



Greenwich 



Back of the Baths, Royal-hill, 
London-street, Greenwich 



1 



Sun-street 
At the Engine Station | At the Engine, Station 

Tranquil-vale, near All Saints* Church 
At the Engine Station | At the Engine Station 

Rushey-green 
At the comer of Avenue-road, I At the comer of Avenue-road, 
Lewisham-road | Lewisham-road 

Peckham-road, opposite Southampton-street 
S.E. end of Hill-street, High- At Camberwell Engine Station 

street, Peckham 
N. end of Camberwell-grcen N. end of Camberwell-green 

Crystal Palace, opposite the High Level Railway Station 
At Mr. Elkington's, High-street, i At Mr. Elkington's, High-street, 
Sydenham | Sydenham 

10, Shepherd*s-lane, Brixton-road 
At the Engine Station I At the Engine Station 

Stockwell Orphanage, Clapham-rd. I Stockwell Orphanage, Clapham-rd. 

Near Trinity Church, Clapham Common 
At the Engine Station | At the Eng^e Station 

Balham-hiU-road, Upper Tooting 
At the Engine Station | At the Engine Station 

123, High-street, Wandsworth 
At the Engine Station | At the Engine Station 

Battersea-road, opposite Christ Church 
Not yet decided 

Off the Platform Wharf, Rotherhithe 
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APPOINTMENT OF MEN. 



The arrangements for appointing men are as follows : — 

The chief officer sees all candidates for the situation of firemen at 
the principal station. 

Candidates for appointment as firemen must be seamen ; they should 
be under the age of 25, must measure not less than 37 inches round 
the chest, and are generally preferred at least 5 feet 5 inches in 
height. They must be men of general intelligence, and able to read 
and write ; and they have to produce certificates of birth and testimonials 
as to character, service, &c. 

Each man has to prove his strength by raising a fire escape single- 
handed with the tackle reversed. 

After they have been measured, had their strength tested, and been 
approved by the chief officer as stout, strong, healthy looking, intelligent, 
and in all other respects apparently eligible, they are sent for medical 
examination before the surgeon, who, according to his judgment, either 
rejects or passes them, in either case giving a certificate. 

The following is a copy of the certificate given in the case of a man 
who passes : — 

" This is to certify that I have examined A.B., and believe him to be 
" free from disease, and well suited for the situation of a fireman in the 
" Metropolitan Fire Brigade." 

In such a service as a fire brigade, which requires all the energies of a 
man, it is desirable to appoint men at first only temporarily — say for 
three months or so — ^and at the end of that period, before finally con- 
firming the appointment, to submit every man again to the examining 
surgeon for a fresh certificate, stating the condition of his health at 
that time, and giving any reasons which may have been discovered 
during his probation tending to alter the opinion originally given. 
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TRAINING. 



The system adopted for training is as follows : — 

There is a drill class, under the charge of an instructor and two 
assistant instructors. One of the assistants generally teaches the 
management of engines and engine gear, and the other that of 
escapes, and the principal instructor superintends the whole. 

Each man on appointment joins this class, and learns the use and 
manipulation of all the appliances, as explained in the foregoing 
pages. At the same time, he lives in the station, and by degrees is 
taught the general working of the brigade ; but during this period never 
attends a fire, except on an emergency, and then only under the per- 
sonal charge of his instructors. Nothing is so destructive of sound 
education in this way as permitting men to attend fires before they 
know how to handle the appliances properly, and the youngest hands 
are therefore brought out as little as possible. 

A smart man, who has served at sea for a few years, and has a 
taste for the work of a fireman, can be brought forward for duty 
within an average period of about six or eight weeks ; a man equally 
smart^ but without the advantage of a seaman's training, may possibly 
be brought forward within about as many months, but even at the 
end of that time he would hardly be as expert as a seaman in 
climbing and the use of ropes. 

While a man is passing through the drill class, it is generally dis- 
covered whether he is fit for the service, or not, and in the latter 
case his services are discontinued. 

When a man is pronounced competent by the instructor, he is re- 
moved from the drill class, and posted to a station, where he receives 
further training and instruction from the officer in charge, who entrusts 
him, at first, with only work of the simplest kind, and by degrees, as 
he gains experience, with all the duties of his position. 

Notwithstanding that the greatest possible care is taken in the drill 
class to teach everything thoroughly, it occasionally happens that, 
owing to the urgent requirements of the brigade for help, the young 
hands are prematurely called out to fires, and get into a hurried or im- 
perfect way of doing work. This may escape detection at the moment, 
but it is sure to be discovered later on, and, when it is, the man is either 
returned altogether to the class to complete his drill, or, as more com- 
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monly happens, is ordered to attend by day until his proficiency is 
established. 

The importance which I attach to a sound system of training will 
probably be understood, when I state my conviction, founded on what 
appears to me the clearest and most positive evidence, that some of the 
greatest losses by fire which the world has ever experienced, have been 
owing to want of skill on the part of firemen. It is true that want of 
discipline may justly be credited with a considerable portion of the 
blame, but, as a practical man, I do not hesitate to assert that, where 
there is no skill, discipline becomes almost impossible, and is, at least 
under such circumstances, of very little use, so far as the extinguishing 
of the fire is concerned. 

It may perhaps be said that great numerical strength will make up for 
deficiency of skill and knowledge ; and this may, no doubt, be to some 
extent correct ; at least it appears to be the theory established in many 
places; but I am inclined to believe that, for dealing with great 
emergencies, no amount of numerical strength, even when combined 
with discipline, can compensate for the absence of skill and knowledge, 
and on this account I consider a proper system of training, before 
attending firesy the only true method for making men real firemen. 



307 



INTERNAL 



MANAGEMENT. 



PROMOTIONS. 



The principles which I have always practised for the advancement 
and management of men are as follows : — 

When a vacancy occurs, I select from the seniors of the next rank the 
first man fit for the position, taking into consideration his age, length of 
service, education, habits, character, and every other particular calcu- 
lated to guide me in a decision, and I receive a written testimonial from 
every officer he has served under since his last promotion. 

As it' frequently happens that a man may be perfectly suited to the 
duties of one rank, and yet unfit for more enlarged responsibilities — ^and 
as it is essential to the efficiency of the brigade to have thoroughly com- 
petent men in every rank — it occasionally becomes a duty to pass over 
some of the seniors, who may be most worthy, respectable men, and 
skilful and efficient at their work, in all possible respects, except, per- 
haps, the very points most important to the proper disdiarge of the 
duties of the vacant post. In such cases, every particular concerning 
each of those passed over is prepared for the purpose of being, if 
necessary, laid before the Board, at the same time with the recom- 
mendation. As a simple mode of carrying out these principles, I have 
been in the habit of making a formal announcement — that a post is 
vacant, and that I am prepared to receive written applications for it 
from the ten or twenty seniors of the rank next below. 

Thus, for instance, a first class engineer may be wanted, and I allow 
all the second class engineers (about 30) to apply for it ; one of these 
is appointed, and then a vacancy occurs for the post of a second class 
engineer, when I again announce my readiness to receive applications. 
The last first class engineer is at present numbered 30 ; I would, there- 
fore, in making the announcement, intimate that none below No. 50 
should apply; this would give 20 the opportunity of applying, and 
out oi the 20 I should, probably, have 10 or 12 applications, the 
remainder, for various reasons, not sending in their names, and thus, in 
point of fact, saving me and the Board what might occasionally prove a 
serious cause of anxiety, as it is no light matter to pass over a worthy 

X 2 
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servant; and yet the very existence of such an establishment as a fire 
brigade must depend on a firm and unswerving adoption of this course 
under certain circumstances. I may mention that the mode which I have 
here pointed out has hitherto worked satisfactorily in difficult cases, and 
that I am generally, if not always, able to recommend the promotion of the 
senior applicant. The present arrangement, briefly stated, is somewhat 
as follows. A man is appointed to a position in a certain rank, and by 
simply d9ing the work assigned to him, and keeping out of trouble, but 
without any particular merit on his part^ he naturally drifts up into 
the highest position of that rank. This, however, is not considered 
to give him the smallest title to a higher post, unless he has, during 
his period of service, shown some particular merits — such as a thorough 
knowledge of his business, a strong zeal in the service, and, at the same 
time, an honest, imceasing, and successfiil endeavour to qualify himself 
for the duties of the rank he aims at ; such conduct as this is con- 
sidered to constitute a claim which should not be passed over, and 
an encouragement to a steady perseverance in it forms an essential part 
of the policy which regulates the whole question of promotions in the 
brigade. 

REDUCTIONS. 

These are treated of imder the head of punishments, and are men- 
tioned here only for the purpose of showing tiiat they are not forgotten. 

PUNISHMENTS. 

The mode of enforcing discipline by punishments has been as 
follows, namely: — 

The chief officer has the power of fining any one in the force a sum 
not exceeding forty shillings, and he accounts for this power by la)dng 
the fine book on the table at every meeting of the committee. 

In cases which appear to require a heavier punishment than a fine 
of forty shillings, the chief officer brings the offender before the 
committee, either suspending him in the meanwhile, or not, according 
to the circumstances. 

During the time of suspension a man receives no pay. 

Serious offences requiring the heavy penalty of dismissal are ex- 
ceedingly rare ; others are firequent, but being promptly dealt with are 
expiated by small fines, each case, however, being carefully weighed 
and settled on its own merits, the offender's length of service and 
general conduct being, however, always taken into consideration in 
making the award. 

Thus, a man who has served ten years without being late for an 
engine, if at the end of the time brought up for this offence, would 
probably only be admonished, whereas another who had served a 
shorter time, and offended in this way frequently, would suffer a 
heavy penalty. This is somewhat the general mode of punishing, 
and it is found ample for enforcing discipline, while, at the same 
time, it does not expose the men to the humiliation of appearing 
frequently before their employers as offenders— a position which most 
working men, who respect themselves, particularly shrink trom. 
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GENERAL WORKING. 

Every man is always supposed to be either on duty, for duty, on 
leave, sick, or suspended. 

Those on duty are in full dress, with the exception of their 
helmets. 

Those for duty are ready to turn out at a moment's notice, and 
are, therefore, not permitted to go outside the station, except within 
view. 

Those requiring leave obtain it as follows, namely : — 

An engineer, or senior in charge of a station, has the power of granting 
six hours' leave to any man of his own station, no part of the time being 
after ten o'clock at night, or before six o'clock in the morning, 

A superintendent has the power of granting twelve hours' leave on the 
same conditions. 

Any leave which exceeds twelve hours, or any portion of which is 
between 10 p.m. and 6 a.m., must be obtained from the chief officer. 

In all cases of emergency, such as the occurrence of a succession of 
heavy fires, or any other circumstance likely to weaken the brigade, men 
on leave, or those who have obtained permission to go, but have not 
yet started, are expected to throw up their leaves, and return to their 
stations with as little delay as possible ; and they are invariably repaid 
every expense incurred, and allowed to conclude their leaves' as soon as 
they can be spared. 

When a man feels ill, he immediately reports the same to his 
engineer, whose duty it is to instruct him as to the course to be pur- 
sued. The usual custom is to send the man at once to the surgeon of 
the district, or to order him to attend the surgeon at his next regular 
visit ; but, if the man is unable to go, the officer sends a message to the 
surgeon to come and visit him. In all cases of emergency, however, it 
is usual to apply for help to the nearest medical man, and not to wait 
for the regular surgeon. 

Although it is customary to give all ranks full pay during illness, the 
right is reserved of withholding payment of wages under certain circum- 
stances, as in the case of a man concealing his illness too long, and 
suffering in consequence, or committing any irregularity likely to prolong 
his illness. 

At a fire it is a strict injunction to the senior present, whatever rank 
he may occupy, to give the men under his charge such refreshment as 
in his judgment is necessary, so as to deprive them of any possible 
excuse for taking it from any other person. Any man, therefore, who 
takes refreshments Irom occupiers of houses on fire, or those in the 
vicinity, or from any other person, except his own officers, is liable to 
very severe punishment 

The Board issues its orders, in the fonn of resolutions, to the chief 
officer, who is expected to keep them acquainted, at all times, with the 
working of the brigade. 

The chief officer has the entire responsibility, and consequently he has 
the entire command ot the whole. 

Each superintendent has the entire command of his own district, 
except when the chief officer is present 
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The engineers and firemen have command, according to their position 
and standing ; thus — ^A superintendent in his own district may command 
any one in Ae brigade, excepting only the chief officer; tiie senior first 
class engineer may command the second, third, and fourth, and all 
the second class engineers and firemen ; and the command of one 
engineer over the one next below him in the list, is as complete as that 
of the chief officer. The ordinary firemen have command according to 
their numbers. In point of fact, the senior present, whatever rank he 
may fill, has the entire responsibility, and there is no option left to any 
member of the brigade but to obey his orders, the only exception being 
as mentioned above, under the head of superintendents. 

Every man must obey, without a moments hesitation, all orders he 
may receive from his superiors in the brigade. 

Should he receive an cwrder from any other person, he is strictly 
forbidden to obey it; but, if it appears of sufficient importance, he can 
request permission of the chief officer, or senior present, to act on it. 

On arriving at the scene of a fire, the senior present takes immediate 
command, and on him rests the entire responsibility of controlling and 
directing the firemen, until the arrival of some one of his superior 
officers, to whom he instantly hands over the command, at the same 
time explaining exactly what he has done during the time he has been 
in charge. ^ 

Nothing' tends in a greater degree to the efficiency of a fire brigade 
then silence, strict discipline, and perfect steadiness on duty \ and it is 
enjoined on all ranks that in proportion to the danger or urgency of the 
moment is the necessity to prove, by as close as possible an observance 
of this rule, that they are equal to the emergency. 

The saving and carrying out of property at a fire is chiefly the business 
of a salvage corps ; but the firemen give every assistance in their power to 
facilitate this object, provided it does not interfere with their other duties. 

No man in the brigade is permitted to receive money for any service 
connected with his duty, without an order from the chief officer. 

The Board reserves to itself the power of dismissing any man in the 
fire brigade without assigning a reason. 

Perhaps it would be well that I should here explain some views 
which I have adopted on this subject from practical observation. 

In almost all public establishments in this country attempts have been 
made to work on some known general principles, but in every case with 
which I am acquainted, these principles have been determined before 
the complete formation of the body to which they were to apply, and 
have, consequently, proved incorrect in every-day practice, thus reducing 
the establishments in question to the anomalous position of endeavouring 
to reconcile their daily business, on, perhaps, urgent occasions involving 
important interests, with preconceived theories of an opposing tendency. 

In order to avoid such a difficulty, most of my first orders were 
originally made as general as possible, and the main working business 
of the brigade was conducted, for a time, by means of the daily order 
book, so as to lay a foundation for a set of rules, which it may be 
possible to adopt in practice without involving all concerned in such 
difficulties, contradictions, obstructions, and misunderstandings, as 
appear to be common in other establishments. 



INTERNAL MANAGEMENT. 3II 

An order book is indispensable to the proper management of any 
body of men. It acts as a means of instruction and education to all 
ranks ; as a record of the manner of performing all ordinary and special 
duties ; and as an authentic account of the whole distribution of duties, 
privileges, punishments, casualties, appointments, promotions, reduc- 
tions, resignations, dismissals, &c., &c 

Real efficiency cannot exist in any force, unless the seniors of each 
rank are competent to perform, not only their own ordinary duties, but 
also, in cases of emergency, the duties of the rank next above them; 
and, if the order book be carefully written up, it must materially assist 
to this end by showing, at a glance, how any pajoticular duties have been 
carried on in times past, and thus aiding officers, who may be unex- 
pectedly called on to act out of their ordinary sphere. 

DISCIPLINE. 

The general principle for which discipline is established is that of 
obtaining unity of action from large bodies — in other words, producing 
instantly at will such combinations or distributions of force and labour 
as the nature of the business in hand may render necessary. 

This general principle is equally applicable to all kinds of discipline, 
including those of the army, the navy, the mercantile marine, railway 
companies, large shops, schools, public offices, workhouses, charitable 
societies, factories, and workshops, &a, &c. — ^in fact every kind of 
institution which requires order or method in the transaction of its 
business. 

The modes in which this principle is carried out vary considerably, 
according to those by whom and to whom it is applied, but the object 
to be attained is professedly the same with all ; namely, the establish- 
ment of a complete chain of communication between all concerned, from 
the highest to the lowest, and of clearly-defined duties and responsi- 
bilities for those of every position. 

It is not necessary to enter into a full detail of each of the modes 
here alluded to, but a general reference to some of them may help to 
elucidate the views which I am desirous of setting forth on the subject 

In the army there is doubtless the perfection of discipline, in the sense 
of strict obedience to orders, but this advantage is obtained by subordi- 
nating the thoughts and feelings of all to a system, or to the will of one 
man. Soldiers are clothed, fed, nursed, and cared for ; their duties are 
assigned with a clearness and precision which, although involving much 
labour and forethought in the superiors, can hardly be said, in most 
cases, to require either one or the other in the subordinates; and 
altogether the necessities and conditions of the service are such, that, 
although the chain of communication undoubtedly exists, it assumes a 
form of rigidity not conducive to great freedom or intercourse of thought 
between tiiose far removed from each other in point of rank. 

In the navy there is also the perfection of discipline in the sense 
already referred to, but without that marked obstruction of intercourse 
observable in the army, the conditions of the service precluding all 
possibility of regulating the daily and hourly work by written orders from 
an office, and consequently requiring more exercise of individual though 
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and action on the part of the inferiors, and more frequent comment and 
advice, and more constant, and, if such a term may be used, more 
friendly interference on the part of the superiors, thus bringing all ranks 
into a much closer union and fellowship. 

There is perhaps nothing in the world in the way of discipline so 
entirely admirable in theory and practice as that of a man-of-war on a 
long cruise, or on a distant station away from other vessels ; but here 
again the exigencies of the service in time of war, and other exceptional 
circumstances, compel an observance of many rigid forms and regula- 
tions incompatible with complete freedom between all ranks. 

In the mercantile marine there can hardly be said to be any discipline 
of the kind ahready referred to, partly because it is not in the nature 
of a regular service at all, but rather a series of distinct and separate 
engagements for limited periods. There is, however, frequently to be 
found in merchant vessels, particularly in late years, a certain com- 
munity of thought and feeling between all concerned, founded on the 
personal character of superiors who know how to deal with those who 
serve under them. The constant change of crews, however, and more 
particularly the want of power in many merchant captains to deal in a 
firm and, at the same time, a frank and friendly manner with their men, 
have placed the mercantile marine in such a condition, that at present 
it cannot be accepted on the whole as a model, so far as discipline 
is concerned. 

In railway companies, shops, schools, public offices, workhouses and 
charitable societies, discipline assumes the simple form of obedience to 
all orders that are issued; but the work in these places not being 
generally of a very urgent nature, the obedience is not necessarily of 
that immediate kind so essential in some services. There is com- 
monly in these institutions a large amount of routine, and, as a natural 
consequence of this, a certain tardiness of thought and action, and a 
degree of caution, which, though perhaps necessary to the proper 
management of their business, would be altogether fatal in its results to 
such a service as ours. 

In great factories and workshops there is, during working hours, what 
may be called a fair system of discipline, and this is combined with 
almost complete freedom of action in titie men, encouraging every species 
of ingenuity on their part, and thus tending to the mutual interests of 
employers and employed. This system is eminently calculated to im- 
prove and educate all concerned, by producing in them habits of order 
and regularity, without any corresponding disadvantage, such as the 
restriction or annihilation of individual efforts apparent in some services. 
There is, however, a drawback of another kind, which is hardly less 
important, and that is the shortness of the period of labour in comparison 
with that of freedom. Indeed, it is not too much to say, that in many 
factories the men do not ordinarily work more than one-fourth of their 
whole time, and even at the busiest seasons not more than one-third ; 
and during all the remaining time they are free from the improving 
influences alluded to, and open to others of at least a very different 
kind, and in some instances of an opposing tendency. 

While, therefore, conceding to the services here referred to in general 
terms, all the advantages which they severally claim for their respective 
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ways of transacting business, I am at the same time clearly of opinion 
that none of these modes are altogether applicable to our work, but that 
the best model is to be found in that part of the factory system included 
in the hours of labour. Happily for the carrying out of this view, ex- 
perience has long since demonstrated the advantage of providing accom- 
modation for our men in the stations of the establishment, and conse- 
quently we are enabled to apply the system constantly, and thus avoid 
tie drawback inseparable from the intermittent nature of the work in 
factories. 

The officers of the department are entrusted with sufficient powers of 
reward and punishment to meet all ordinary cases, and can make re- 
ports and recommendations to their employers on all matters beyond 
their jurisdiction. These, no doubt, are sufficient to produce, to a certain 
extent, the desired unity of management and action; but with us there is 
a stronger bond of imion than any which the laws can make, founded on 
the confidence which those who serve never fail to have in superiors 
who thoroughly understand their business, and are able to advise and 
instruct them in all matters connected with it, supported and kept alive 
by constant, unrestricted freedom of intercourse and community of 
labour, and of those risks attendant on our special work, and producing 
such a result, that although each individual has his distinct and separate 
position, and discipline is carried to the highest point, there is yet the 
most complete community of feeling between all concerned, and a per- 
vading conviction on the part of the superiors, that, while the general 
body of the force are in one sense their servants and subordinates, they 
are at the same time, in another and much stronger sense, their fellow- 
servants and their friends. 

In a force situated as ours is, with small bodies scattered over a large 
area, the difficulties of producing the necessary unity of management and 
action for instantly dealing with emergencies of every kind, both great 
and small, are sometimes almost insurmountable, and the strictest 
discipline is absolutely necessary ; but discipline alone is not enough, 
there must also be that confidence and fellow-feeling between all ranks, 
which make the failure or success of individuals a source of regret or 
congratulation to the whole body. 

It is m the possession of this spirit that our force is now so fortunate, 
and, as long as the superiors base their positions on the only true 
source of power — ^knowledge — and support it by constant attention, strict 
discipline, and at the same time kind and free intercourse with the 
subordinates, so long the same spirit is certain to characterize our 
institution, and to result in that unity of management and action which 
can alone command success in great emergencies. 
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DUTIES. 



General Duties of a First-class Engineer, or Officer in 

Charge of a Fire-engine Station. 

To reside at any station he may be appointed to. 

To take charge of the houses, stables, or other premises belonging to 
his station. 

To take charge of the fire engines, fire escapes, and all gear belonging 
to the station. 

To keep aU the premises and fire^xtinguishing appliances clean and 
in proper order, as far as lies in his power ; and, in cases beyond his 
power, to make immediate reports to his superior officer in the district. 

To take charge of all men, horses and coachmen, attached to his 
station, and to keep up a strict system of discipline among them. 

To see that all the men of his station are within hail, and available for 
duty at all times, unless specially booked as sick, absent on account of 
duty or leave, or otherwise engaged. 

To instruct his men in drill exercise and the performance of all their 
duties. 

To regulate the duties to be performed by the men of his station, and 
to see that those at the station and with the escapes are properly done. 

To call the roll at 9 a.m. and 9 p.m. respectively ; to see that all the 
men at home are present and fit for duty ; and to enter the same in the 
occurrence book, accounting for all the men at his station, and stating 
where they are — ^whether at home, on station duty, on out-duty, on leave, 
sick, or otherwise. 

To report to his superior officer in the district at the appointed time 
every night and morning all the business that has been done by the 
station during the previous twelve hours ; the names of the men on duty 
at the station, or elsewhere, and those on leave, sick, &c.; and as far as 
possible to account for the men and duties for the succeeding twelve 
hours. 

To see that the necessary number of men are placed on duty in the 
watch room, that they are properly clothed, and are acquainted with the 
details of station duty. 

To see that the men for out-duty go away in time, and are properly 
clothed, and in everyway fit for duty, and that their departure and return 
are correctly entered in the occurrence book. 
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To grant leave of absence, according to his discretion, for periods not 
exceeding six hours, between 6 a.m. and 10 p.m. ; and to make recom- 
mendations, according to his discretion, to the principal officers of his 
district, for leave of absence for himself or his men, for periods longer 
than six hours, or any portion of which falls between 10 p.m. and 6 a.m., 
it being distinctly understood that, in such cases, he is responsible that 
his station is sufficiently manned, and all the duties properly provided 
for, and further that he not only has the power, but that it may occa- 
sionally become his duty, to stop men going on leave, whether the leave 
has been granted by himself or by any of his superiors. 

To suspend immediately any man guilty of disobedience of orders, or 
other serious misconduct, whenever he thinks it necessary or advisable 
to do so. 

To enter the names of the men on duty at the station in the occurrence 
book, at 7 a.m. and 7 p.m. respectively. 

To see that the occurrence books at his station, and at the escapes 
attached to his station, are kept in a proper manner ; and that entries are 
made of all calls, stops, taking duty, being relieved from duty, going on 
leave, returning from leave, and all other matters requiring to be 
recorded. 

N.B. With regard to the entries of calls, it is to be distinctly under- 
stood that the first duty is to take the necessary steps for sending help away 
immediately, and for transmitting the calls when necessary; and that 
the entry is to be made at the earliest convenient opportimity afterwards, 
and not to be allowed to interfere with, or cause delay in, the arrange- 
ments for getting a sufficient force of men and engines to liie scene of a 
fire at the earUest possible moment. As, however, in all instances of 
inquests on persons burned ,to death, and in many other cases, we 
are liable to be called on to testify on oath as to the exact time 
at which a call has been received, it is desirable that the man 
on duty should, while receiving the message, look up at his clock, 
and that, having seen the exact time, he should enter it in figures on the 
slate kept for that purpose, dose by the occurrence book on the desk. 
It is well known among us, that an intelligent man can always make this 
entry without any loss of time whatever, as it is in itself but a momentary 
transaction, and can easily be done while taking in the message. 

To take charge of the petty cash supplied for the station, and to enter 
all sums received and expended in a petty cash book supplied for the 
purpose. 

To make monthly returns on forms, supplied to him, stating the 
names, ranks, and brigade numbers of his men, the state of their uniform 
as to quantity and condition, the number and designations of all 
engines and escapes attached to his station, the condition of the same 
and of their gear, and of all other appliances and gear belonging to his 
station. 

To keep the following books supplied to him in a proper manner, 
namely — ^The petty cash book; the occurrence book; the carman's 
book ; the order book ; the red books of the several engines and escapes ; 
the leave book; or any others which it may be necessary to keep at his 
station. 
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To keep an inventory of all articles, of every kind, belonging to his 
station, and a list of his men. 

To see that the engines are properly stowed, properly placed, and in 
every way ready to proceed to fires in the shortest possible time. 

To see that the escapes are momited with the proper appliances, and 
in every way ready to proceed to fires in the shortest possible time. 

To see that all the gear belonging to his station is kept in thoroughly 
clean and proper order, and in the places and conditions most available 
for its immediate use. 

To see that the stables are kept clean and in proper order; that 
the horses are fit for the work ; that the coachman is steady, respectable, 
and sober ; and that everything connected with that department of the 
station is in a thoroughly efficient condition for taking the engines to and 
from fires in the shortest possible time. 

To see that the telegraphic communication is in proper working 
order, or to send an immediate report to his superior officer when it is 
not so. 

To see that the watch-room clock is set at least once in every twenty- 
four hours by telegraph from head-quarters, and as often as necessary 
besides. 

N.B. The ordinary time for setting all the clocks is 9 p.m. 

When receiving a first call, — that is to say, a call from a stranger 
coming from a fire, and not transmitted by telegraph from another 
station, as, for instance, for a place in the vicinity of his own station, — 
to send a fireman or other responsible person to call the turncock, to 
turn out an engine, a hand-pump, an escape, or such other appliances, 
with a sufficient number of men, as in his judgment may be most avail- 
able for extinguishing the fire ; to forward the call on to the superior 
officer of the district, stating the nature of the fire, as far as he is able 
to form an opinion from the intelligence which he has received, and 
mentioning what steps he has taken with reference to it ; also to take 
any other measures in his power which may tend to the speedy extin- 
guishing of the fire, according to the best of his judgment and ability. 

When receiving a call by telegraph, or otherwise, from another station, 
to be prepared to take or send the appliances and men ordered with the 
least possible delay. 

In all cases of irregular calls, — such as messages coming from distant 
fires, with stations intervening, and consequently nearer, or calls for 
lights only, without fiirther information, — to use his own discretion alto- 
gether, as to going at once or making inquiries first. 

To see that all calls for chimneys on fire are immediately attended to, 
and that stops for the same are sent away at once, by telegraph or other- 
wise. A stop is a message to the effect that help is not required 

Upon arriving at a fire before a turncock, to use his best endeavours 
to obtain water, if there is need of it 

Upon arriving at a fire before any other engine, to ascertain, as soon 
as possible, the nature and extent of the fire, and to send the intelligence 
to the nearest station, with a view to its being communicated to the 
principal station of the district, and thence to the chief station of the 
whole brigade. 

Upon arriving after another engine, the officer of which is junior to 
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him, to inquire, and make sure, whether a message has gone away, and, 
if not, to send one at the earliest convenient moment. 

N.B. — ^A message of this kind is always best delivered by a fireman, 
who is certain to be conversant with the terms we use, and consequently 
to word his communication correctly, and, whenever a fireman can be 
spared, it is much better to employ one for the purpose ; but when a 
fireman cannot well be spared, — ^as, for instance, in the early stages of a 
threatening fire, — it is much safer to employ a policeman, or if a police- 
man cannot be got for this purpose, then to employ a stranger ; and in 
either of these latter cases, considerable care must be taken to word the 
message in such a manner that the messenger himself will understand it, 
and not be likely to make mistakes in the transmission. 

When arriving after other engines, to ascertain, as soon as convenient, 
who is the senior present ; if he be himself the senior, to take imme- 
diate command of all present, and adopt all such measures as seem best 
to him; if he be not the senior, to report his arrival to, and place 
himself under the orders of, whoever is the senior. 

When he is the senior present at a fire, to send away a stop for it as 
soon as it is expedient to do so, stating the general nature of the fire, 
and what appliances have been used to extinguish it. 

To report the departure and return of his engine by telegraph to the 
principal officer of the district, and to inform him when men are left on 
duty, or otherwise. 

To visit the men on duty with the escapes, &c., or to take measures 
to have them properly visited. 

To write requisitions for all stores, repairs, &c., &c., that may be 
required at his station. 

To obey implicitly all orders of his superiors, and to exact the 
strictest obedience and respect from those serving under him. 

To see that all orders issued by his superiors, as iar as they refer 
to matters under his control, are carried out in a proper manner. 

To report to the principal officer of his district any irregularities 
that may occur at his station. 

To hold himself in readiness for any duties he may be called on 
by his superiors to perform. 

To keep his superiors acquainted with all matters coming to his know- 
ledge affecting either his own station or the general business of the brigade. 

To study the characters and abilities of the men under his charge, 
and to be ready at all times to give his superiors correct information 
concerning them, with a view to influencing the apportionment of 
rewards, promotions, and punishments, as well as of the special duties 
and labours of the brigade. 

To set an example to his men by his sobriety, cleanliness, promp- 
titude, civility, and general attention to his duties. 

To make himself, as far as possible, acquainted with the whole of the 
locality in his neighbourhood, and the trades carried on there ; and to 
instruct all his men as to the best course to be pursued with regard 
to the various premises. 

To make himself, as far as possible, acquainted with the fire-cocks, 
fire-plugs, and other means of obtaining water in his neighbourhood, 
and to instruct his men in the same. 
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To make himself acquainted with the police stations and turncocks* 
residences in his neighbourhood, and to keep their addresses always 
hung up in a prominent position in the watchroom, as near as con- 
venient to the desk on which the occurrence book is kept. 

It will be observed that the duties here assigned to an engineer 
are so numerous that it would be impossible for him to perform them 
all himself, and therefore, to prevent any misunderstanding of the terms 
in which these instructions are conveyed, it is specially mentioned, that, 
even if it were possible, it would be by no means desirable tor him to 
do so. He is provided with certain appliances in the way of engines, 
escapes, horses, coachmen, firemen, &c., &c., and it is his duty to work 
them to the best advantage, according to his discretion and ability, and, 
not only that, but also to be able to satisfy his superiors at all times that 
he has done so. 

The general idea intended to be conveyed is, that the engineer or 
officer in charge of a station is absolutely responsible for everything con- 
nected with his station, and that consequently the whole control and 
management are vested in his hands. It is, of course, understood that 
he is bound to act fairly and discreetly with his men, and all concerned, 
and he may at any time be called to account for his actions ; but prac- 
tically his judgment and discretion are left unfettered in any way, in 
order that there may be no limit to his responsibility in the execution of 
the duties entrusted to him. 

General Duties of a Second-class Engineer, not in charge of 

A Station. 

To reside at any station he may be appointed to, and to be at all 
times within hail, and available for any duty, unless specially booked 
otherwise. 

To visit the men on duty with the escapes, attached to his station. 

To take his turn in watching at the station, and other duties. 

To superintend the cleaning and other work of the station, and if 
necessary to assist in the same. 

To assist the engineer in the management of the station, and, in the 
absence of the engineer, to take charge of the station, and be responsible 
that the business is carried on in a proper manner, and in accordance 
with the rules laid down for the guidance of an officer in charge of a 
station. 

To obey implicitly all orders of his superiors, and to exact the 
strictest obedience and respect from those serving under him. 

To hold himself in readiness for any duty he may be called on by his 
superiors to perform. 

To keep his superiors acquainted with all matters coming to his 
knowledge, affecting either his own station or the general business of the 

brigade. 

To study the characters and abilities of the men under him, and to be 
ready at all times to give his superiors correct information concerning 

them. , . 1. . 

To set an example to those under him by his sobriety, cleanliness, 
promptitude, civility, and general attention to his duties. 



DUTIES. 319 

To make himself thorough master of the duties of an engineer, in all 
points, so that in the absence of an engineer, or in the event of being 
appointed in charge of a station without an engineer, he may be able to 
cany on all the duties in an efficient manner. 

General Duties of a Fireman, not an Officer. 

To reside at the station to which he is appointed, and to be at all 
times within hail, and available for any duty, unless specially booked 
otherwise. 

To take his turn in watching at the station, taking charge of escapes, 
attending fires, and all other duties, when ordered by his superiors. 

To assist in the cleaning and other work at the station, relieving the 
men on duty to meals, &c. 

To be civil and respectful in his demeanour and clean in appearance. 

To perform all duties entrusted to him in a prompt and efficient 
manner. 

To hold himself in readiness for any duty he may be called upon by 
his superiors to perform. 

To obey implicitly all orders of his superiors, and to exact the 
strictest obedience and respect from those under him. 

To study and otherwise endeavour to qualify himself to perform the 
duties of his superiors when called to do so. 

N.B. There are four distinct ranks of firemen, not officers, namely — 
the first class ; the second class ; the third-class, and the fourth class ; 
and the above, as general rules, apply equally to them all. It happens, 
however, that in the carrying out of the laborious work of a fire brigade, 
there are many duties requiring special qualifications and capacities, 
and these naturally fall in most cases to the lot of those who have served 
longest, and worked most. These duties consist of taking charge of 
the floating steam-engines, and the land steam-engines, keeping watch 
in public buildings, theatres, &c., mechanical work at the factory, 
repairing engines, and so forth, drilling and instructing the young hands, 
keeping the accounts, books, and records of the establishment, carrying 
on the correspondence, preparing reports for the board of management, 
&c. 

In the carrying out of these indispensable special duties, most of the 
men of the first and second classes, and a few of other classes, are very 
frequently employed, and these are consequently, to a limited extent, 
relieved from a portion of what are designated as general duties. 

In this way there are certain occasional differences in the duties 
done by the several ranks; and again in the very common case of 
men of the first class having, in the absence of their engineers to 
carry on the duties of those officers, and perhaps to take charge, not 
only of their own men, but also of the men of other stations, at fires ; but, 
with these exceptions, the same rules, as already explained, apply equally 
to all, and are therefore not detailed separately for the four separate 
ranks. 

Indeed, if it were possible to define absolutely the separate duties 
of these four ranks, it would be unadvisable to do so, inasmuch as there 
is never a moment in which several are not employed in carrying on the 
duties properly devolving on their superiors ; and there is never a whole 
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day during which, in some one or more of our stations, a third-class or 
even a fourth-class fireman does not find himself the senior ^t home, and 
consequently responsible for everything that is done. It is therefore 
incumbent on all ranks to study and thorpughly understand, not only 
their own ordinary duties, but also those of their superiors, in order that, 
when called upon — as in our business may at any moment happen — they 
may be found equal to the performance of any duty devolving on them. 

GENERAL DESCRIPTION OF DUTIES. 

Station Duty. 

A certain number of men are placed on duty at each station at 7 a.m. 
and At 7 p.m. respectively, and their names are entered in the occur- 
rence book accordingly. Their duties are, to keep a proper watch, to 
receive and transmit all messages by telegraph or otherwise, and to 
make correct entries of the same in the occurrence book, with the 
exact time at which they are received and passed on. They must inform 
the engineer or senior at home of all calls to fires, and other matters of 
importance, and when ordered by him to turn out, they must ring down 
the coachman, call all hands, help to harness the horses, get ready the 
engine, and take all other measures in their power to ensure the engine 
starting as quickly as possible. 

Men on duty are not permitted to leave the station, or go out of hear- 
ing of the bells, unless properly relieved, and an entry made to that effect 
in the occurrence book. 

No man is considered relieved from station duty, until the man 
relieving him has booked himself on duty, or been booked on duty by 
the officer in charge, or the senior present. 

These regulations are not intended to limit the discretion of an officer, 
or of the senior present, in sending a duty man out on urgent occasions 
for short distances — such as across a street, into the stable, up-stairs, or 
into other parts of the house or station, for periods not exceeding one 
or two minutes — but it is to be distinctly understood that the station is 
not to be left for a moment without a proper watch, except on occasions 
of fire requiring the attendance of all hands, or other great emergency ; 
and that any officer sending out a duty man is bound to remain himself 
imtil the return of the latter, or to call some one else down to do so. 

When several men are on duty together at a station, they are all 
responsible for carrying out the duties in the best possible manner, but 
the senior of them is principally responsible, and he is bound to satisfy 
himself that everything is in proper order arid readiness for turning out, 
and so forth, and that the men of his watch are on the alert when 
required. 

Escape Duty. 

A man going on escape duty must be carefiil to leave his station 
in time to be at his post, and have the escape all ready for running at 
the appointed hour. 

The hours of duty with the escapes are as follows, namely : — 
between the ist of September and the ist of May, from 8 p.m. to 
7 a.m. ; between the ist of May and the ist of September, from 9 p.nu 
to 6 a.m. 
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He will carefully inspect his escape, and in all matters proceed as 
explained in the detailed instructions ; and before leaving in the morning 
he will lower or otherwise secure the escape in its appointed day station. 

Upon receiving a call at his escape, and having a doubt as to whether 
it has also gone to the nearest station, he is to take such measures as 
are in his power to have it forwarded. 

Steam Duties. 

With regard to the steam duties on board the floating engines, and in 
charge of the land steamers, no detailed instructions are here given, as 
the work requires a large amount of special explanation, which is given 
by the responsible officers, and can only be understood after long prac- 
tice and study ; and no man receives a charge of this kind, until he has 
first proved his professional qualifications for it. 

Each land steam-engine is thoroughly overhauled, and the boiler 
is forced at least once every six months in presence of the man in charge 
of it This is done in the brigade workshops, and, if it turns out 
satisfactorily, the following certificates are signed, namely : — 

" This is to certify that I have tested the boiler of No. engine 
to 180 lbs. on the square inch with cold water pressure. 

" Signed, Officer in charge of the workshops." 

" The above was done in my presence, and I consider the boiler 
quite safe to work with steam at a pressure of 120 lbs. on the square inch, 

" Signed, Fireman in charge of the steamer.'' 

" This boiler may be worked for a period not exceeding six months 
from the present date at a pressure not exceeding 120 lbs. on the square 
inch, and the safety valve may be screwed down to a pressure not 
exceeding 100 lbs. 

" Signed, Chief Officer." 

After these certificates have been completed, a card of general in- 
structions, in the following form, is signed and handed to the man in charge. 

Metropolitan Fire Brigade. 
General instructions for working No. land steam fire-engine. 

1. The boiler of this engine is to be worked at a pressure not exceeding 
120 lbs. on the square inch. 

2. The safety valve is not to be screwed down to more than 100 lbs., 
and the engineer must occasionally raise it, by hand or otherwise, 
both when getting up steam and when at work. 

3. In order to keep this valve free, and to prevent it sticking, he is 
to ease up the spring, and to remove the whole pressure from it when 
not required, except sufficient to keep the lever and spring balance from 
shaking while the engine is travelling. 

4. Whenever the work admits of it, the engineer is occasionally to fill 
his boiler with water as high as possible widiout allowing it to prime, 
and then blow off" from all the cocks, including the gauge-cocks, and the 
cocks of the steam pockets, using only one at a time ; this is the best 
precaution against scale or scum, and an intelligent engineer will find 
many opportunities of adopting it without interfering witii the necessary 
work of his engine. 

5. In addition to this, the boiler is to be altogether blown out and 
washed out occasionally. Y 
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6. The engineer must be careful to see that no soot is allowed ta 
accumulate on the shell or tube plates of the boiler, as this w ould con- 
siderably reduce its steaming power. 

7. The engineer is held responsible that the water in the boiler is 
always kept in sight in the gauge-glass whenever the fire is alight ; and 
in case of any accident, such as the failure of the feeding apparatus,, 
rendering this impossible, he is immediately to draw his fire. 

8. A sufficient quantity of water should always be kept in the feed- 
vessel for supplying the boiler when the engine is not at work. 

9. It being exceedingly dangerous to pour cold water on hot boiler- 
plates, the engineer is desired to be particularly cautious about putting 
cold water into the fire-box ; and in case it becomes absolutely necessary 
to do so, he is to pour it on the fire-bars only, and not on the inner shell 
of the boiler or the tube plates. 

10. After the suction-pipe has been taken out of the water, the engine 
should be run round for a few strokes, in order to blow the remaining 
water out of the pump. 

11. On his return from a fire, the engineer is to enter in the book kept 
for that purpose the following particulars, as far as he is able, viz. — 
time at work ; number of revolutions ; quantity of water delivered, 
and any other circumstances which appear worthy of remark — such as the 
length of hose, number of deliveries, height of branch above engine, &c. 

12. By engineer is meant the man in charge of the working of the 
engine, whoever he may be. 

13. These instructions are not to be in force for a period longer than 
six months from this date. 

Chief Station, Date 187 

Signed, Chief Officer, Metropolitan Fire Brigade. 

I have always found that if a boiler can stand a cold water pressure 
of any particular number of pounds on the square inch, it may be safely 
worked imder steam to about two-thirds of that pressure, or, to put the 
same meaning conversely, that if a boiler is to be worked to any par- 
ticular pressure, it should be forced with cold water to once and a half 
that pressure. Thus, if I wished to work a boiler to 150 lbs. on the 
square inch, I should force it with hydraulic pressure to 225 lbs. ; or if I 
wished to work it to 120 lbs., I should force it to 180 lbs. 

It will be observed, however, that I do not allow the safety valves to 
be screwed down to the full pressure, as I am of opinion that, with such 
small valves as are necessarily mounted on these machines, the pressure 
may frequently exceed that of the spring balance, especially when the 
boiler is blowing off steam. 

Watching Duties at Theatres, Public Buildings, &c. 

With regard to the watches in theatres, public buildings, &:c., the 
general instructions are, for the men to. make themselves acquainted 
with all parts of the premises, and with the means provided for extin- 
guishing fire, to be vigilant in tracing out all causes of risk, to take active 
measures to obviate any danger that may arise, and, in case of fire, to 
use every available effort to extinguish it, and at the earliest convenient 
moment to send a message to the nearest station, stating the nature and 
extent of the fire, and whether further help is required, or not. 
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The uniform of a fireman consists of the following articles, namely : — 
tmiic, top-coat, cloth trousers, boots, belt, pouch, axe, and helmet ; in 
addition to which a working dress is issued, consisting of duck jacket, 
duck trousers, cap, and for the steam men a similar suit of serge. 

Tunic. 

The tunic is made of stout blue kersey, double breasted, with a stand- 
up collar about li inches high. The ends of the collar are rounded off, 
and are mounted or faced on the outside with a piece of scarlet cloth of 
the same height as the collar, and about 2 J inches in length. 

On each side of the tunic are sewn 6 brass buttons, about 3 inches 
apart, and the letters M.F.B. are marked on each button in old English 
characters. A corresponding number of button-holes are worked in the 
cloth, directly opposite each button, on the outer edges of the tunic. 

The body and sleeves are lined with woollen plaid, and the skirt with 
black shallow. 

The average length of the tunic is about 34 inches. 

The superintendents' tunics are of somewhat finer cloth, and are single 
breasted. 

The chief ofiicer's tunic is, in most points, similar to those of the 
superintendents, but is distinguished from them by the buttons being of 
silver, and round instead of flat. 

Top-Coat. 

The top or over-coats are also made of blue kersey, and are of a 
similar pattern to the tunics, with the exception of the collar being about 
i^ inches higher, and made to turn over or stand up, as required, and 
without scarlet facings at the ends. 

The average length of the top-coat is about 37 mches. 

Cloth Trousers. 

The cloth trousers are made of blue kersey, and are lined on the 
inside with grey twilled cotton. They are made with whole falls or flaps 
in front, and are fastened in the usual way with stained bone buttons. 

Boots. 

The boots are made of the best grained leather, and are double fronted. 
The tops are made of sufficient length, so as to reach above the calf but 
below the knee, and they are fitted in the usual way with beckets for 
pulling the bo^-ts on. 
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Belt, Pouch, and Axe. 

The belt is made of the best leather, about 2 J inches wide and 48 
inches long, and is mounted at one end with a strong brass buckle, 2^ 
inches wide and 3 J inches long, and at the other end there are several 
holes pierced, of sufficient size to take the tongue of the buckle. The 
buckle is secured to the belt by means of three tinned rivets and 
washers. 

The pouch is also made of the best leather, 3 J inches deep and Sc- 
inches wide in front, and 7 J inches deep and 8^ inches wide at the bacl£ 
Between the front and back parts there is placed a piece of stiiF leather, 
and the two parts are then securely sewn together. The back part is cut 
flap-shaped, and has a hole pierced in the end, which overlaps the front 
part, to take the stud fitted for the purpose, so that when the pouch is 
fastened the axe is secured firmly in its place. There are also sewn to 
the back part two beckets, of sufficient size to allow the belt to be rove 
through them. 

Small Axe. 

A small hatchet or axe is made somewhat in the shape of a tomahawk, 
and consists of two parts, called respectively the head and the handle. 

The head is of faggotted wrought iron, 7 J inches long, steeled and 
tempered at the ends. One end is made with a blade and cutting edge, 
2 J inches wide, slightly curved^ and inclining towards the handle ; the 
other end is also curved, and gradually brought to a flat point. At about 
the centre of the head there is a longitudinal hole or socket, to the sides 
of which there are welded on two clamps, 6 inches long and i J inches 
wide, to receive the handle. 

These clamps are drilled with two holes each to take f -inch rivets. 

The handle is of well-seasoned ash, 15 inches long, and of an average 
substance of about ij inches square, with the angles rounded off" ; within 
a few inches of the bottom it is slightly reduced for the hand, which gives 
it the appearance of being shouldered at the lower end. It is fastened 
into the socket by the two rivets already mentioned, and is, when 
necessary, further steadied and secured at the upper end by a small cross 
wedge let in from the top, which prevents the head flying off when in use. 

Its weight is — ^headand rivets i lb. 70Z., handle 3 oz. ; total i lb. 10 oz. 

Helmet. 

The pattern of helmet which I consider best adapted for the work of 

firemen, so far as shape is concerned, is shown 
on the accompanying woodcut. 

The material of which it is made is of com- 
paratively little consequence; I have chosen 
brass merely to distinguish our men from persons 
who come. to render voluntary assistance, but 
leather helmets are found to answer very well. 

The principal points in these helmets are that 
the front peak shades the eyes without much 
interfering with the sight, and the back peak pro- 
tects the neck and ears from molten lead, &c., 
without preventing the men hearing — an object which has been foimd 
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most difficult of attainment, and which has only been accomplished after 
much trouble and many experiments, by making the inner ends of 
the front and back peaks respectively meet at the point shown on the 
sketch, and covering the junction completely, but not closely, with the 

wide upper end of the chin-strap. The length, breadth, 

and height of the upper or skull part keep the metal 

well clear of the temples, pole, and crown of the head, 

and the comb is so constructed as with a light weight 

to bear a very heavy blow. The projecting end of 

the comb, and that of the front peak, are so arranged 

that when a man falls forward they both strike the 

ground before anypart of hisface touches. The holes in 

the roof and the front of the comb are for ventilation, 

and the edge pieces round the peaks are for stiffening. 

Several years ago, when I found it necessary to change this part of our 

•uniform, I took some trouble on the subject, went to several countries for 

the purpose, and examined into the merits and defects of, I should think, 

nearly all the helmets in existence. 

The result is the present pattern, which has now been some years in 
use, and which seems to me to combine the strength necessary for a fair 
amount of protection with lightness, and the absence of any projections 
which would prevent men passing through small apertures. 

In America I have always been astonished at the shape of the helmets, 
•which appeared to me to be so encumbered by the enormous back-flap, 
and so defective in point of protection, particularly about the eyes, that 
I should suppose it to be absolutely impossible for the men to go through 
such openings as we use — as, for instance, the panels of doors, &c.^-or to 
approach strong flames, as we are in the habit of doing. 

Our brass helmets are made in several parts, so that when accidents 
happen — as, of coiu-se, they do every day and night — an injured part can 
be taken out and replaced without much trouble or expense. All the parts 
are closed with either screws, rivets, or lap-joints, and there is no solder 
•or other substance likely to melt in such temperatures as a man can stand. 
All the helmets are made on a precisely similar pattern, but that of the 
•chief officer is of silver, not brass. 

Duck Jacket. 

This jacket is made of duck, and is double breasted, with a turn-down 
collar 2 J inches wide. 

On each side of the jacket six eyelet-holes are worked on the outer 
«ides, at a distance of about 4 inches from the edge, and through these 
the shanks of a corresponding number of plain brass buttons, about fths 
of an inch in diameter, are passed, and the buttons are seciured in their 
places by means of small split rings on the inner sides of the jacket. 

On each side of the jacket, at the outer edges, six button-holes are 
worked, for the purpose of fastening it. 

The average length of the jacket is about i foot 10 inches. 

Duck Trousers. 

These trousers are made of duck, and are of the same pattern as the 
cloth trousers, with the exception of the buttons, which are made of brass. 

Y 3 
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Caps. 

The caps worn by the officers are made of blue cloth, and are about 8 
inches in diameter at the top and about 3 inches deep at the side. A 
stout straight leather peak, 2 inches deep and 6 inches long, is sewn on to 
the front part of the cap. The caps are stiffened, and lined on the inside 
in the usual way. A chin-strap is fitted to the cap, and is made fast by 
two buttons, sewn on near the ends of the peak. 

The caps worn by the men are made of blue cloth, and are about 10 J 
inches in diameter at the top ; a bevel of about 2§ inches wide is sewn ta 
the top, and to the bevel is sewn a band, i J inches wide, which is made 
to fit the head. A strip of scarlet piping is also sewn between the bevel 
and the band. Two eyelet-holes are made in the band, and through these 
a piece of black ribbon, i J inches wide, is rove, and fastened with a bow 
or knot. 

Badges. 

The distinguishing badges are as follows : — 

A fireman wears only his badge with a brass number on the left breast 
of his tunic. 

An engineer wears a scale epaulette of brass on his right shoulder, and 
also a brass number on his left breast 

A superintendent wears a pair of scale epaulettes of brass, one on each 
shoulder. 

The chief officer wears a pair of scale epaulettes precisely similar to 
those of the superintendents and other officers, except that they are, like 
his helmet and buttons, of silver. 

The coachmen and pilots employed by the brigade receive also a some- 
what similar distinguishing uniform, which enables them to be recognized 
by the police and to pass freely through the lines. 
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TELEGRAPHIC COMMU- 
NICATION. 



The telegraphic system adopted is of the simplest possible kind, so 
that it can be thoroughly understood and worked by all hands. 

Each station, with only a few exceptions, has a line of its own to the 
superintendent's station in the same district. 

Each line of wire is independent of every other line, and has two dial 
instruments on it, one at each end, so that the breaking down of any 
one line — as of course frequently happens, from various causes, in a large 
city — does not in any way interfi^re with the working of the others. 

By this system every message from a superior must of necessity pass 
through the hands not only of those who have to carry out what is 
ordered, but also of those who ought to be acquainted with what is done. 
Thus, for instance, the chief officer may wish an engine of a distant 
outlying station to be sent somewhere, and his message must necessarily 
pass through the superintendent of the district, who accordingly knows 
that one of his stations is temporarily weakened, and whose duty it is 
either to strengthen it himself at once, if necessary, or to ask for help to 
do so. 

In addition to the general working lines from the ordinary stations 
to the superintendents' stations, and from the latter to the chief station, 
there are also a few auxiliary lines connecting the nearest stations of 
separate districts, so that in the event of a main line breaking down and 
causing, as it would, great inconvenience and delay, messages can, with 
one or two repetitions, be rapidly passed round by the auxiliary lines, and 
so reach the chief station through another district. 

The following are the regulations hung up in every station close by the 
instruments : — 

Rules to be observed for the Transmission and Receipt o^ 

Telegraphic Messages. 

N.B. — It is usual during a message to silence the bells by means of 
the pegs placed on the instruments for that purpose. 

I. Signs are transmitted from station to station by slightly raising the 
handle of the transmitter, and turning it from left to right at a speed of 
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about 120 revolutions per minute, resting the handle for a moment in the 
notches of the metal ring at the signs or letters to be indicated. 

2. The words telegraphed will be indicated at the receiving station by 
the pointer of the indicator stopping at the same letters or signs as those 
indicated by the handle of the transmitter at the transmitting station. 

3. To ensure safety in the communications, it is necessary to begin the 
motion of the handle of the transmitter with a sudden start, and to fall in 
at the notches of the letters to be telegraphed in a firm manner. This will 
require some few hours' practice. 

4. The easiest way of acquiring the certainty to hit the notch of the 
letter to be telegraphed, is for the manipulator to ke^p his hand on the 
handle of his instrument, but not to lift or turn it round until his eye has 
caught on the dial of the transmitter (the large dial) the letter to be 
indicated ; if he then look firmly at this letter, slightly raise the handle of 
his instrument, and turn it quickly, he can, without difficulty, drop it in at 
the notch of the letter on which his eye is fixed. 

5. When the instruments are at rest, the handles and the indicators of 
all the instruments should point to the blank spaces on the dials. 

6. Should the handle and the pointer in any of the instruments not point 
to the same letter or sign, the little knob near the dial of the indicator is 
to be pressed down, and the handle of the transmitter is to be turned once 
round, starting from and returning to the blank space on the dial ; the 
pointer will then also be on the blank, and the little knob may be 
released. 

7. " Attention " is called by turning the handle of the transmitter once 
or twice round, starting from and returning to the blank space ; the 
receiving station repeats the sign, and then the transmitting station 
telegraphs the message. 

8. After each word has been telegraphed, the handle of the transmitting 
instrument is to be brought to the blank space to signify the completion 
of the word. 

9. The receiver, if he understands the word, will turn his handle once 
round, until it comes again to blank, to signify " Understood." 

10. If he does not imderstand the word, he will turn his handle to R, to 
signify " Repeat," and then to blank, to signify that he is ready to have 
the word repeated. 

11. The transmitter should never send a word until he has received 
^' Understood " to the previous word. 

12. Should it happen during the transmission of a message that, owing 
to inadvertence or any other cause, the handle of the transmitter and the 
pointer of the indicator, at either the transmitting or receiving stations, do 
not correspond, the little knob near the indicator of the instrument so 
observed is to be pressed down, and the handle of this instrument is to 
be turned once round, starting from and returning to the blank space, 
when it will be found that the handle and the pointer will correspond. 

13. The receiver must, in all such cases, wait until he perceives that 
the sender has finished a word, and he must not attempt to adjust his 
instrument during the transmission of a message. As soon as he perceives 
that the word has been finished, he will first adjust his instrument, then 
give R, for repeat, and then turn his handlie to blank. 

14. At the end of a message requiring a reply, when the transmitter 
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has received after the last word the sign " Understood," he is to give the 
blank oncey to signify that the message is concluded, and that he awaits 
an answer. — ^The receiver then, if he is prepared to give the answer, goes 
on immediately, and, when he has done, gives the blank iwice^ to signify 
he has no more to say. When the sender has received the information 
which he requires, he gives blank twice, and then the correspondence is 
closed. If, however, the receiver is not prepared to answer the message 
immediately, he will give the letter W twice, to signify " Wait," and 
then turn to blank. 

15. When the transmitter, after having concluded his message, requires 
no reply, he gives blank twice, to signify that he has done ; and, if the 
receiver wants no further explanation, he also gives blank twice, to signify 
*' All right," and then the correspondence is closed, and the bells should 
be turned on again by withdrawing the pegs which silence them during 
the transmission of a message. 

1 6. In no case will either the transmitter or receiver leave his instrument 
until after the conclusion of the correspondence has been notified in the 
manner above mentioned. 

17. In case of wishing to use figures instead of letters, as in giving the 
number of a policy, the transmitter is at liberty to do so, but he must 
previously say in the ordinary manner, " see figures," and if there is time 
after the number has been communicated, the receiver should repeat the 
whole of the figures, in order to prove whether he has received them 
correctly. 

18. The man on duty is answerable for the correct receipt and trans- 
mission of all messages, and he is under no circumstances to depute this 
responsibility to any one else, except to some one actually belonging to 
the brigade. He will do well at all times to make persons present stand 
back from the instruments, and keep silence diuing the transmission of 
messages ; and he must be careful, before leaving the instruments, to see 
that the bells are turned on and the hands properly adjusted. 
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GENERAL MEMORANDA. 



Every engine is marked on the outside with the number of the station- 
to which it belongs in large plain brass figures, and is designated at fires 
by these numbers only. 

Thus, if there be only one delivery on, the order would be given 
*•' Down with No. 60," " Avast No. 44 f or, if there be two deliveries on^ 
" Knock off the near side delivery of No. 5," " Down with the off side of 
No. 10," and so forth. 

The first length of either delivery-hose or suction-pipe is that next the 
engine, the second length is that next the first, the third next the second, 
and so on to the end length, which is usually called the last. 

If an order be given to add a length, or to take off a length, the last 
length is the one to be dealt with ; but if any particular place be meant 
for either adding or taking off, this must be specially mentioned, as, for 
instance, " Add a length between the second and third," or " Take off 
the second length.'' 

When a length of hose is damaged, it is not always necessary that it 
should be removed at once. In such a case it is generally possible ta 
keep the water running until a sound length, with the necessary wrenches 
or other tools, has been brought up and laid out alongside ; and when all 
is ready for the change, the water is stopped for a moment, the old joints 
broken, the new joints made, and the water started again. With two 
men at each joint a change of the kind does not occupy more than 10 or 
15 seconds. 

The same principle holds good in all our business, the general rule 
being not to discontinue the work, whatever it may be, until everything 
is completely ready for the change. Thus, for instance, if an engine be 
at work in the front of a house, and it be desired to get a stream at the 
back instead, a line of hose may be commenced either the whole way 
from the engine or from the spot which the line already out can reach ; a 
branch may be put on, and the whole got into proper position, and when 
everything is completely ready, and the necessary spanners or other tools, 
have been brought to where the branch is at work, then the water may 
be stopped, the branch removed, the new joint made, and the engine. 
instantly started again. / 

If this rule be not attended to, and the water be discontinued imme-* 
diately on the order being given, considerable time may be lost, and the z^-. 
results in many cases might be most disastrous. ,. 
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When a damaged length has been removed, it should be made up agaio 
as soon as convenient, with the female screw inside and the male screw 
outside. This is the mark of a damaged length, and it will readily catch 
the eye of a fireman who wants more hose. 

In the great haste with which our work has to be done, particularly 
at the commencement of a fire, when we are necessarily short-handed, 
there is very rarely time to make up the hose in this way ; but as great 
inconvenience, and in some cases serious danger, might result from 
bringing a damaged length into use, the fireman should, as soon as the 
joints have been made and the water is running again, put up an over- 
hand knot on the damaged length, so that any of his mates coming for 
more hose would know that it was damaged, and would pass it by 
accordingly. 

In giving an order concerning the starting or stopping of the water, 
whether from an engine or a stand-pipe, great care must be taken that 
the message is correctly delivered, as otherwise very great inconvenience, 
and, in certain cases, most serious difficulty and danger, may result, par- 
ticularly at large fires, when there are several jets at work. The only 
really safe course to pursue is to send a message the whole way to the 
man in charge of the engine or stand-pipe, saying exactly what is wanted,, 
and, in case of more than one delivery being on, mentioning particularly 
which delivery the message refers to ; as, for instance, " Start the off- 
side delivery of No. 20 ; " or " Knock off the near-side delivery of 

No. 45." 

The shouting of orders from a distance is in general a proceeding 
to be greatly avoided. When it is successful, which of course may 
sometimes be the case, it causes at least an appearance of great confu- 
sion and unsteadiness ; but as a matter of fact it is very rarely successful 
— on the contrary, it almost invariably tends to mistakes and consequent 
danger, when more than one engine or more than one delivery is at 
work. 

There may be cases in which it may not be advisable to send a man 
all the way with a message — such as, for instance, when the branch is 
high up in a house, and the engine working directly under the window, 
and within speaking distance ; there may also be cases in which it is 
impossible to spare a man to go, or impossible for him to go even if he 
could be spared — such as, when the stairs or other passages are crowded 
with goods, and men at work on them. 

For these reasons I have never issued any positive instructions on 
this subject, and I give none now ; but I am nevertheless strongly of 
opinion that the transmission of orders by shouting from a distance is a 
practice which should, as far as possible, be avoided. 

Thus it will be seen, notwithstanding the absence of precise directions, 
that I consider it the business of the senior present, whenever he hears 
orders shouted in this way, to ascertain for himself whether there is or is 
not sufficient reason for doing so, and, if necessary, to censure those 
guilty of the irregularity. 
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ADVERTISEMENTS. 



HOW TO CHOOSE A SAFE. 



After more than forty years' experience in applying their Patent Fire-Resisting 
principle in the filling of the " Non-Conducting, Vapourising, and Compensating 
Chambers '' of their Safes, Chests, and Doors, and of the effects of Fire upon their 
successively improved manufactures in the numerous destructive conflagrations in this 
country and in various parts of the world, in which their merits have been so severely 
and so successfully tested, and also of the many hundreds of experimental trials in red 
heat of their Safes and Chests of every variety of form, size, and thickness, as regards 
Safety from Fire, Milners' Safe Company, Limited, have determined not to 
make any Fire- Resisting Safes of less than double i) inch chambers — say of less than 
three inches in thickness — ^and they strongly advise the public not to purchase any Safe 
less than the above thickness, nor of single chamber of whatever thickness. As regards 
the latter, they merely observe that if their Safes, which have preserved their contents 
in so many hundreds of Fires, had not had a second internal chamber, the majority of 
them would have been burnt And, as regards Security against Robbery, they do 
not recommend Safes or Chests of less strength of material and construction than their 
List 3, 4, 5, and Double Bankers' Safe, for the custody of Cash, Plate, and Valuables. 

CAUTION. — They earnestly caution the public against buying inferior Safes, 
professing to be made "on Milners' Principle," and especially those made up for the 
purpose, and sold as " Second-hand Milners' Safes." Even if genuine, so much im- 
provement has been made of late years, that to buy an old Safe is like bu3ring an old 
newspaper. So much imposition has been practised in the latter way, that parties 
who have purchased Safes are advised to communicate with the Works at Liverpool, 
stating particulars. 

THIS CAUTION against buying old and inferior Safes has become the more 
important since the introduction of the novel method of forcing Safes, used by the 
**Caseley gang" in the Comhill and other robberies, viz. : — the Cumulative Wedges and 
Crowbars — against which no Safe made before 1865 is secure—but which means 
are effectually frustrated by Milners' Drill, Screw, Wedge, and Crowbar Guards, in 
their Strong Safes, which addition to Milners' Successive Improvements during their 
long experience, extending over more than half a century, constitutes their Safes the 
strongest and (quality considered) the cheapest safeguard against Fire and modem 
burglar. 



PHCENIX SAFE WORKS, 
LIVERPOOL. 



LONDON I>£POT—MlLliERS' BUILDINGS, 

(Opposite Moorgate Stfeet Railway Station, Finsbury, £, C) 
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HERRTWEATHER & SejfS, 

Jfb (Cnjjne Pskers anlr |i!»imiltt dcitjineers. 

Show Roowa affrf Offces;— 
63, LONG ACRE, W.O., 

(YORK STREET, LAMBETH, S.E., 
Works :—{ "»■> 

(GREENWICH ROAD, S.E., 

LONDON. 




PATENTEES AND MANUFACTURERS 

OF 

8IE*H AND KANO-roWER FUE ENSINES (LAND AND FLOATim, PORTADLE AND 
FIXED), IN ALL SIZES, FDR CORPDHATIONS, VILLAGES, DOCKS, RAILWAY 
STATIONS, FACTORIES, PU8UC BUILDjNCS, WAREHOUSES, MANSIONS, 
PUNTATIONS, t,.; 

FIRE ESCAPESi LEATHER, INDIA-RUBBER, CANVAS, AND DOUBLE-COTTDN (IN- 
LINED RUBBER) HOSE PIPES; HOSE REELS; HIDRANTS; FIRE HAINS; 
FIRE COCKS; PORTABLE HAND PUMPS; FIREMEN'S UNIFORMS; BUCKETS, 
STAND-PIPES, CANVAS CISTERNS, ARD EVERY DESCRIPTION OF FIRE 
BRISADE APPARATUS, AND FIRE PREVENTION AND EXTINSUISHINS 
APPLIANCES. _ 

BUSIHBBS BSTAB1,1BHBD NBABLT MO TEAKS. 



ADVERTISEMENTS. 



Mj^KEIBS OB' FIBK KNGINKS TO THEl 

METROPOLITAN (LONDON), 

MANCHESTER, LIVERPOOL, & OTHER FIRE BRIGADES; 

So/e Makers of Steam Fire Engines to Her Britannic Majesty's War 
Department; 

Makers of Fire Engines to Her Britannic Majesty's Board of Admiralty; 
Council for India ; Agents for the Crown Colonies; and .Board of 
Trade; to the French, Prussian, Russian, Italian, Turkish, Spanish, 
Belgian, Dutch, Chinese, and Brazilian Governments; to the Dean 
and Chapters of Canterbury, Lincoln, and other Cathedrals; 
HER MAJESTY THE aTTEEIT, 

HR.H. The Prince of Wales, The Duke of Westminster, Duke of 
Sutherland, Earl Derby, and the principal members of the Aris- 
tocracy; for the chief Public Institutions, Insurance Companies, 
Theatres, Hotels, and Factories in the United Kingdom. 




[London Brigade Mamud Fin En g lnfc) 

MERRYWEATHER &• SONS have received the following Prizes 
and Awards for their Steam and Hand-worked fire Engines : — 



FiTM Pn» lUlti-Qttti. BiMMbna. 

Firrt Priie Utitl-Qnti BihibituD) 

lint Piiia lledil— Intenutioul 'ziUbl- 

twp, London - 

Fmt Piixa VAdAl^lDtanutuul Exhibit 



ITetiurlnndi .. 
1(7 nut— Holluid 
t Onnl Fiiia— Rottsrdim Compcti- 



CfloRiv Intommtioniil Knlubition 



Fint Grand Piiio — Knv 

Gampfltitum - 

Tint Awiid— Vinn 

EbM Pt1»— Bt Pete n b uf rt 
Tint Amid— Blaoktoa-sn%«M , . 
Do- Co w ntry 

Biiznnr4fl-TiijnM«r . 



It Frua Xadjil— Sxliibltion, SnUia . . 

COMPLETE ILLUSTRATED CATALOGUES FORWADDEO ON APPLICATION 



ADVERT! SEMENTS. 



SHAND, MASON & CO., 
Jfb fitgine Pate & f jkaalit CEitjiiiem 




WMiM 



BOABS OF ADUBALTT, AHD 

COUBOIL OF DTDIA, 
THX TABIOITB FOREISB AJTO 

COLOVIU QOTSBXUXSm, 

THE IHBTFBAVCE OFFICES, 

GOBFOEATIOVS, 



75, UPPER GROUND ST., BLACKFRIARS ROAD, LONDON, 

Removed In 1862.from 245, Blaekfrlars Rd., where the buahesa was 

Eitailhiei by 
FHILLin, U 1771, 

To wham suatedal 
HOPWOOD, in ... . 17M, 

Ta wham succadtd 
TILLET, in 1820, 

Ta whom sucaided 
BEARD, HABOH * CO., In IgSl. 

UND, FLOATING & FIXED STEAM & HAND-WORKED FIRE ENGINES, 

STEAM & MANUAL PUMPS OF EVERY DESCRIPTION 

AND FOR ALL CLIMATES. 

FIRE COCK^ HYSRAHTS, AND HOSE REELS, WITH ALL THE APPARATUS 
REQUISITE FOR FIRE EXTINGUISHING BY GRAVITATION. 

FIRE ESCAPES, FUBUC AND DOMESTIC. 

Hose and Suction Pipes of Leather, Woven Canvas, and India Rubber, 
Fire Buckets, Firemen's Dress and Equipments. 

PORTABLE FIRE PUMPS, HYDROPULTS, 

AND EVERY ARTICLE CONNECTED VJITH THE EXTINCTION OF FIRE. 
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Medals, Prizes, and Awards 

OBTAINED BY 

SHAND, MASON & CO., 

FOR THE BEST 

Steam and Manual 

FIRE ENGINES, 

Steam Pumping Engines, &c. 

— <KI>©iO<)— 

PRIZE MEDAL, Great Exhibition, London ... 185 1 

„ ,, International Exhibition .... 1862 

FIRST PRIZE of ;f2So, Crystal Palace, London . . 1863 

SECOND „ ;fioo „ „ . . 1863 

THE ONLY GOLD MEDAL, Middleburg, Holland . 1864 

FIRST MONEY PRIZE „ „ . 1864 

SPECIAL „ „ „ „ . 1864 

GREAT GOLD MEDAL, Cologne 1865 

PRIZE MEDAL, Dublin Exhibition 1865 

PRIZE MEDAL, Paris Exhibition 1867 

FIRST AWARD, Bradford Competition 1867 

GOLD MEDAL, Akola Exhibition, India 1868 

SILVER „> „ „ 1868 

SPECIAL MONEY PRIZE „ 1868 

GOLD MEDAL, Altona, Germany 1869 

SILVER MEDAL, Edinburgh 1869 

FIRST AWARD, Glasgow Competition 1870 

FIRST AWARD, Preston Competition 1871 

GOLD MEDAL, Moscow Exhibition 1872 

GRAND MEDAL, Vienna Exhibition 1873 

,, ,, London International Exhibition . 1874 

GOLD MEDAL, Norrkoping, Sweden 1876 

HIGHLY COMMENDED, Queensland Exhibition, 

Australia 1S16 












JAMES OUIN & COMPANY, LIMITED, 

C3-OLI>BN HrLXi UTTBBEK -WORKIS, 
LEYLAND, near PKESTON. 



ESTABLISHED 1843. 



MAN UFA eras ERS OF 

PATENT WOVEN SEAIHELESS FLAX HCSE, 

FOB FIRE BBIQADEB, HILLS, Ac. 




w genemUy acknowledged: 



The advantages of this Hose for extinguishing Fires is nc 
eM. — 1( is light and pliable, 
and.— Will stand great prtssuit. 
3rd.— Does nut want gtcasina after uM. liks leathH, nmply washing siid divini. 
4lh.-Can be hid in coils of joo yards without a jomt. 
Sth.~l5 about one-ihlrd the cpu of Best Leather Hne. 
James Quin & Co., Limited, are able to execute large orders on the shortest 
notice, being the largest makers in the United Kingdom, and are now weaving 12,000 
yards per week. Liiii and fiatikulars on afplkalien. 

Mr. James Qt;iN has much pleasure in stating that he has supplied the Admiralty, 
Foreign Governments, also several Railways both at home and abroad, with the above 
inanulactiire, with great satisfaction. 

James Quin & Co., Limited, are also Manufacturers of the Anti-Leather Hose, 
for washing Declts, &c. It is light, pliable, does not require drying after use, and is 
about one-Wf the cost of leather. A trial will suffice to prove its advantages. Can 
be made in any length up to 60 feet. 

SironOH HOSE ZHBEDDXD ox OIHZEWIBE HADE TO OBSEB. 
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JAMES QUIN & COMPANY, LIMITED, 

GOLDEN HILL RUBBER WORKS, 

LEYLAND, near PRESTON, 

3VLALl^XJinA.CTXJRKRS OW 

Vulcanized India Rubber Articles of every description ; also India Rubber 
Air and Waterproof Fabrics ; Water Beds, Pillows, Cushions, &c ; Water- 
proof Coats, Capes, and Overalls, made of Single and Double Texture 
Cloth, Steam Vulcanized, warranted for Hot Climates ; Bed Sheets for 

Hospital purposes, &c., &c 



To MERCHANTS, SHIPPERS, WHOLESALE BUYERS, dc. 

James Quin & Co., Limited, have great pleasure in calling the attention of 
buyers of India Rubber and Cotton Delivery Hose, in all sizes, to their Patent 
Machine for making the Hose by Power, — this being the only Machine ever invented 
for making India Rubber Hose by Power, — they are in a position to offer buyers a 
great advantage. 

A 6o-ft. length of 2-in. 4-ply Delivery Hose is, by the use of this Machine, made 
in less than one minute, and larger orders can be executed in a very short space of 
time. By the Machine process, the Rubber and Cloth are firmly pressed together, 
making the Hose cylindrical, pliable, and very durable. 



BRASS FITTINGS, of every description, for Extin£:uishing: Fires, 

also supplied. 




WAREHOUSES- 
IS, SISE LAHE, and 5, SKINKEB'S PLACE, QUEEN VICTOEIA STBEET, 

LOKDOK, E.G. 
28, TOEK STBEET, MAHCHESTEB; and 81, AVENHAX STBEET, PBESTOH. 



Die K'S 

NEW PATENT FIEE EXTERMINATOE, 

"PIEE QUEEK." 

This well-known Fire Extinguishes is portable, 
self-acting, and always ready for use. The contents are 
harmless to life, health, or properly ; and one gallon is 
equal to many gallons of ordTna.r7 water. 

70,000 have been Bold, and over 8,000 Firei 
itinguished by their means alone. 




PRICES. 

No. 4 Exterminator, £$. 5s., Chemicals, 4/6 ei 
.. S .. £6. OS., „ 5/6 

.. 6 .. £7- OS., .. 7A> 

Improved Ltalhir Yokis, j/c tatk. 
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DICK & SINCLAIR'S 

COMBINED 

Chemical and Manual 

FIRE ENGINE 

COAL WORKINGS, 




The Chemicalized Water from the Cisterns meet in the Air-Chamber, and produce 
carbonic acid gas under heav]r pressure. The Water, thus densely charged with gas, 
is thrown on the fire, with marvellous eifecL 

Full Particulars on application. 

Engine, indues necessary Fittings and one Lenj^ of 

Hose 25 Yards lone £1^ 

CktmkaU for Ditto, 30I per Cvd. 



IhlU'E.S SINCLAIR, 

48 & 50. BLACKFRIARS STREET, MANCHESTER; 

104, LEADENHALL STREET, LOW^CiH. 
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WM. D ENN IS'S 

SELF-ACTING PATENT PNEUMATIC 

PORTABLE PIEE ENGINES, 

Tasted and ftpproved at vuioni timet by Compuiei of Beyal Enginean, 

ftnd admitted by tlie Uglieit anthoritiM to be the limpleit and moit effloient 

Appltaneei for leU-proteotion firom Tire ever offered to the Pnblie. 




these Portable Machines possess over at 
outbreak, are the following: — 
^^ They haveareaervoirof 

1 I gallons of water ready at 

^ ment's notice to attack 

with a jet, prottllrd by con. _ 
air, at 100 lbs. ID the sqm 



tpressid 



They can be re-chai^ed in from 

replenished during operation, 
so that a constant stream of water 
mainlined for any length 



either with salt o ._ . 

They can be used for a variety 
of purposes, such as cleansing, 
irrigating, &c. 

They can be carried on the 
back to the point required, with 
from 3 to lo gallons of water j6r 
imBtediaU eperation. 

They will deliver a solid vo- 
lome of water many feet higher 
and farther than can be obtained 
BY ABV Chemically Charged 
Engine. 

F K I C E S :- 
Yllih Steun-Prmure Gauge complete, £$■ tfa. ; £7. Tb. ; £i. 8s.; £g. gs. ; jgio. los. 

NOTICE.— No Chemicals whatever are used in these Machines, but PURE 
WATER and Compressed Air only, thus being much more powerful and effective. 
No cost is incurred in charging them, and the corrosion constantly destructive to 
chemically -charged Machines is avoided. 

Capt SHAW, Chief OfHcer of the Metropolitan Fire Brigade, In his Annual 
Report of 1870, states that in " very many cases a singU gallon of water in an early 
stage is more effective than a million gallons half-an-hour later." The Pneumatic 
Fire Extinguishers are constructed to meet such cases. 

Dr. HASSALL, Pharmaceutical Analyst, in his recent letters to the Times 
newspaper, after alluding to the various iniffalaal atlentfU lo txlinguisk fires by '^^^ 
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The Great Fire in BelgravJaJ 

The Manager of the Pantechnicon was reported by the Press to have called, 
immediately on his discovery of fire on the premises, ** Water, water, for God's sake 
bring me water I " And in the majority of such calamities the necessary element, Water, 
is not at hand. Dennis's Patent Pneumatic Fire Extinguishers are especially 
constructed to meet this ever-prevailing evil — scarcity of water. In these simple 
Engines, from 2 to lo gallons of water is kept under pressure, ready to operate at any 
moment, with the quickness and precision of a gun, and without labour to the 
operator. The Engines being fitted with a powerful Force Pump and suction-hose, 
replenishing can go on during operation, thereby maintaining a constant stream of 
water as long as it can be obtained from any source. 

Dennis's Patent Pneumatic Fire Extinguishers thus constitute the only 
Engines yet offered to the Public which may be instantaneously used without labour 
or extraneous supply of water, and maintained afterwards in Continuous Action. By 
judiciously placing one or more of these invaluable appliances in establishments of all 
kinds, a vast amount of property, and not unfrequently life, might be saved. 

The perfect adaptation of the Pneumatic Fire Engines for the purpose 
intended has been fully proved, and they are being introduced into Government 
buildings, — by the Board of Works, Science and Art Department, and for other 
public buildings in Dublin. 

The Patent Pneumatic Fire Engines are constructed to place inside or 
outside a Portable Tank (on wheels), holding from 30 to I(X) gallons of Water, ready 
for use in cases of outbreak of Fire in Mansions, Public Buildings, Farms, Railway 
Stations, &c. , and can be constantly used for watering Lawns, Gardens, Conserva- 
tories, Railway Platforms, and Public Halls. 



COMPETITIVE TESTS. 

They have proved more available and more powerful than any chemically -charged 
Machines in contending against Fire, at the following and other Tests, by the highest 
' authorities: — 

At Edinburgh. — At a competitive trial of the ** L'Extincteur, — a chemically- 
charged Machine, — and the Patent Pneumatic Fire Extinguisher, upon two 
large fires, before a committee of Judges of the Highland Agricultural Society at 
Edinburgh, the Silver Medal of the Society was awarded to the Pneumatic Machine. 

International Exhibition. — ^By the Royal Engineers commanded by Major 
Maitland, R.E., approved and adopted by Her Majesty's Commissioners for use 
by their Fire Brigade (Royal Engineers) at their Annual Exhibition. 

At the South Kensington Museum. — By the Royal Engineers commanded by 
Major Festing, R.E., approved and adopted for the South Kensington and Bethnd 
Green Museums. 

Admiralty. — By command of Sir Andrew Clarke, K.C.M.G., R.E., our Engine 
promptly put out the fires constructed for the test, and successfiilly proved their 
capacity for extinguishing fires greatly superior to the chemically-charged Machine. 



DEMONSTRATION S. 

The Machines can always be seen in operation at the Patentee's premises ; and 
at request. Demonstrations will be given at Gentlemen's Private Residences, or on 
Public Grounds, on fire or otherwise, and in competition with any Chemical Machine 
yet invented. ^ 

For further information. Testimonials, Opinions of the Press, &c., see Circulars 
and Pamphlets, forwarded Jree on application to the 

PATENTEES &* SOLE MANUFAC2URERS— 

W. DENNIS & CO., 

Only Depot— 23, HOLBORN VIADUCT, LONDON, E.C. 



[2 ADVERTISEMENTS. 

GRESHAM'S PATENT IMPROVED 

GIFFARD'S INJECTOR, 

ORIG-INAL PA.TTB1RN-, 

For Supplying Steam Boilers with Water, 

Having a S^f-Conlainid Steam Vaive and Botk-Presmre Vaive. 



A. Steam Pipe. ^L 


1 ^^ 


Can be fixed 


B. Overflow. j|^^^^^^J| 

C, Water Pipe *i^|!^^H| 

from Tank. J 




j^ D in any posilior, 
Mi^3 either horizontal 
^^>^ or vertical, or at 
any angle. 


D, Delivery Pipe 
to Boiler. 




Can be at- 


E, Steam R^^u- 




tached directly 
to the Boiler, or 


F. Water Regu- 1 <= 


M 


at any conve- 


yi ^ 





The larger sizes of these Injectors are being extensively used as Fire Engines, if bdr^ 
simply necessary to cany a branch pipe from the delivery pipe D to any convenient 
part of the Mill or Manufactory, so that a hose pipe may be attached. The Injector, 
being always in readiness, can be put into action in a few minutes ; and as the instru- 
ment delivers, at a great velocity, a jet of Steam and Water mixed, it is far more 
efficient in annihilating Fire than an oniinary Pump delivering cold Water. The 
smaller sizes are used by some of (he principal makers for supplying the Boilen of 
Iheir Steam Fire Engines with Water. 



Prioes and Tsvzxib ■ 



. to the Alanuiboturera— 



GBESHAM & CRAVEN, 

CRAVEN IRONWORKS, ORDSAL LANE. 
MANCHESTER. 



THE SIMPLEST, CHEAPEST, & HOST BEUABLE 

FIRE PUMP. 




GOVERNMENT 
GOLD MEDAL, 
Breda, Holland, 1870, 

SILVER MEDAL. 

Manchester, 1875. 



1 Tluiuii 
100 Tom 


•hish thnrtn 




tri7epul6ometet:- 



A STEAM-PUMP WITHOUT A STEAM ENGINE. 

THE ONLY PUMP that can be left WITHOUT ATTENTION 

for Months, and then, b; merelj turmng the Steam Valve, be immediately 

brought into fall action. This point cannot be too strongly borne in mind, 

as unless a Fire Pump is ALWAYS READY, it Is practically uselesa. 

The same Fire Pumps can also be used for distributing a supply of Water for 
other purposes to any part of the Bnilding where it is fixed. 

OAK mVEB BE VORIT OITT. I HZTXR BXaOIKEB OEL, TAlLOT, OS 

' PAOKIRS. 

IS OHXAPSB tKAS ART OTBBR PUHF. 

ooourns l aaa space tbaw Airt 

XXXDB XO "TTTTiT"' ATTEKHAWOE. OTUKIt Firxp. 

BOLl HAKirTAOTUBSSS ASS OWHEEB DT THE PATENTS, 

HODGKIN, NEUHAUS & CO,, 

WELLINGTON ROAD, BATTERSEA, LONIWN, ENGLAND. 
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ADVERTISEMENTS. 



FOR PROTECTION AGAINST FIRE. 



HAYWARD TYLER, & CO.'S 
" UNIVERSAL '^ItEAM PUMP, 

AS A FIXED FIRE ENGINE, 

ALWAYS READY. 
St« Tetlimoniali from mtmertnu Firmi viho have them Jixed for thU purpote, and 




HAYWARD, TYLER, & CO lit up Mansions and Factones with tire Mains, 

Hydrants, Fire Cocks, Hose, &c., &C. 

EOTIBE FISZ EHODTES far VaAvti nie. FABK FIBS ZSGIHBB, to. 



84 & 85, UFPEB WHITECBOSS ST., LONDON, ILG. 



ADVERTISEMEfTTS. 



S. OWENS & CO., 

HTDEAXJLIO ENGINEERS, 

Whitefriars Street, London, E.G. 




Bblie'i Pitou Dl 



S. OWENS & CO. Manufacture and Erect every description of Hydraulic 
and General Engineers' Work for Mansions, Fairas, &c., compiising Pumps, 
Turbines, Water Wheels, Wanning Apparatus, Baths, Drying Closets, (Sis Wiwlc^ 
Apparatus for Liquid Manure Distribution, Fire Mains, Hydrants, Hose Pipes, &c. 



Psftlcalars taken In any part of the Country. Plana and Ettlmates furnlthai. 
nimtrated Catalt^^nes can be had (m applicatloa. 



ADVERTISEMENTS. 



I? 



THE MANCHESTER PUMPING ENGINE. 

PHILADELPHIA EXHIBITION. 

Hedal and Diploma jj ^ For Steam Pumps. 




FEASK PBAfiN & CO. 



MANGHESnSS.. 



ADVERTISEMENTS, 



THOMAS ROSE, 

VICTORIA STREET, MANCHESTER, 
UANUFACTURIR OF 

PATENT HAVS FUKPS, HOSE BEEL8, LEATHEB BTTCKETS, 
HELMETS, AXES, F01TCHE8 Am) BELTS, fto., &e. 




FIRE ENGINES 

OF EVERY DESCRIPTION, 

1* I m B K S (S & P E §, 

PATENT WOVEN LINEN HOSE, 

Guaranteed to a Prasure a/ 3iO lit. on the Sqttart Inch, 

LEATHKH HOSK, 
Hydrants. Landing Valves, Union Joints, 

STAND PIPBIS, BRANCH PIPBS. 

EVERY DESCRIPTION OF FIRE-EXTINQUI8HIN0 APPARATUS. 
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J. STONE & CO., 

DEPTFORD, LONDON, S.E., 

MAKERS OF ALL DESCRIPTIONS OF 

FIBE ENGINES, 
FIEE COOES, 
FIEE HTDBANTS, 
FIBE ESCAPES, 
FIBE HOSES, 
HOSE BEELS, 



AND ALL OTHER ARTICLES USED IN CONNECTION 
WITH THE EXTINCTION OF FIRES, 

TO THE LONDON FISE BRIGADE, 

English and Foreign Government Establishments, Public Buildings, 

Mansions, &&, &c. 



Illustrated Catalogues with Prices, and full parti- 
culars, on application to 

J. STONE & CO., 



ADveRTISEMBHTS. 



STEAM FTTIUFS, 

for Feedini Boilers, Raiting Water, and Forming an excellent Steam Fire Engine. 




BINGLE BAM. 

DKSCBirTlOW. 
John Cameron invented the above design of Sleam Pump in 1853, and has since 
made about 5,000. They are now well known, and exlensively used for vaiions pur- 
poses, viz. : — To feed boilers, to force water and chemical liquids. The lai^r sizes 
are an excellent Steam Fire Engine. They ^e now much used in deep Mines, and 
can be specially made to force water any height. The exhaust Steam can be condensed 
and utilized in heating water, or in adding vacuum power to the Pump. 

JOHN CAMERON, Oldfleld Boad Ironworka, Satford, MAKCHESTEB. 
NO EXTRA INSURANCE NECESSARY WITH 




ECONOMIC 

STEAM ENGINE. 

If fitted with Gae Fire it fiat | 

alio all the advantages of a. I 

Oas Engine, 

Without a ny Noise or Smell, and exjunse 
of a Spedctl Foundalion. 



K. W. HEDGES & CO., 
HYDRAULIC ENGINEERS, 

CONTRACTORS FOR EVERY DESCRIPTICH OF WATER 

SUPPLY, ANO FOB ERECTION OF IMPROVED FULL-WAY 

FIRE-COCKS AND HYORAHTS. 



36, KING WILLIAM STiCE-Ut, \.01S00-&, S.C 
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PONTIFEX & WOOD, 

FARRINGDON WORKS, SHOE LANE, LONDON, E.G.,* 

Iwn&ttiititrs, CnpiMTS, anb ^si^mmit^s. 

Manufacturers of Branch Pipes, Unions, and 

Fittings, to the Metropolitan Fire Brigade ; 






PLAIN DOUBLE COPPER STAND- 
PIPE rOR HYDRANT. 

With Gun-Metal MDiinlinei. 



Also, KakeiB of Fire Engines, Stand-Fipes & Hydrants, Pire Cocks, 

and every description of Fittings for Water & Bteam, &c., &c., &a~ 

ILLUSTRATED CATALOGUES AND PRICE LISTS ON hPPUtM\tlH. 
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GUEST & OHRIMES, 

FOUNDRY & BRASS WORKS, ROTHERHAM, 

AND ' ' 

86, SOUTHWABE STBEET, LONDON, S.E. 

PRIZE MEDAUS. 

1851. 

52A.~WATER OLOSET AND FIRE COCK. 







1862.-AWARDED. 
CLASS 8.-F0R WATER METER,&c.,SIEMENy 

"Practical success of Water meters &c. : 
Originality of the Whole." 





1862.-AWARDED. 

CLASS 81 -For WATER WORKS ARTICLES. 

" Progress in Fabrication of Useful Articles 
FOR THE Distribution of Water in Towns," 



BATEMAN & MOORE'S & GHRIME8' PATENT HYDRANTS OR FIRE COCKS; 

IMPROVED SLUICE COCKS AND GAS VALVES; 
0ATHEL9 ft TESKAOFB PATENT FOTJB WAT DISC 0A8 VALYEB; 

CATHELSr PATENT DISTRICT DRY GAS GOVERNOR; 

CHRiMES' PATENT HIGH-PRESSURE SINGLE AND DOUBLE LOOSE VALVE AND SCREW-DOWN COCK; 

SIEMENS' PATENT WATER METER; 

BELL ft OHEIMES' PATENT SEBVIOE BOX VALVES; 

WASTE preventing SINGLE AND DOUBLE VALVE SERVICE BOXES; 

IMPROVED SELF-ACTING & PULL WATER OLOSET; 

LOIRE'S PATEN7 EFFLUVIA TRAPS, BEGGS* IMPROVED; 
NSWTON'B PATENT STBBST QVJJUSSYi 

GAS CHANDELIERS, BRACKETS, AND FITTINGS; 
GLASS CHANDELIERS AND BRACKETS; 

CROSLEY AND GOLDSMITH'S PATENT WET GAS METER; 
WET AND DRY QA8 METERS. 

FIRE EXTINGUISHING APPARATUS 

Of every description, as HAND or DELIVERY PIPES. JETS, JET and SPREADER to distri- 
bute Water in imitation of Rain ; HOSE COUPLINGS, LEATHER, INDIA RUBBER. GUTTA 
PERCHA, and CANVAS HOSE ; COUPLING WRENCHES, &c., or any other Article made to 
order or size. 

PLTJUBEKS* AND OAS FITTEBS' BRASS WORK OF EVERT DE80RZPTI0N. 

Drawings, Descriptions, Prices, and Testimonials, will be forwarded per Post, on 

application as above. 



ALL THE ABOVE ARTICLES MAY BE SEEN ON APPLICATION TO 

GUEST & CHRIMES, BRASS WORKS, ROTHERHAM; 

OR TO 

THOMAS BZ(m ft SOS. %&. ^OTmEVKKS. «.T., LQKDOV, 8X. 



ADVERTISEMENTS. 



J. TYLOR & SONS, 

ENGINEERS, 

MANUFACTURERS OF 

HYDRANTS, FIRE COCKS, FIRE HOSE, &c, 

I 
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FI R E I 



G "B 

REGISTERED. 



FI RE I I 



VOSES' PATENT HYDROPULT, 

A FOBTABLE FIBE ANNIHIIiATOB, 

Weighs but Eight Pounds, and will throw Water Fifty Feet It is 
also the Best Article ever invented for 

Watering Gardens, Sprinkling Plants, Washing Carriages, 

and Draining Boats. 

It will throw Eight Gallons of Water per Minute. It is invaluable 
for Extinguishing Fires, or Protecting Roofs near a Fire. 

Upwards of Thirty Thousand now in use. 



MANUFACTURERS- 



GRIFFITHS & BROWETT, BIRMINGHAM; 21, MOORGATE STREET, 
LONDON; AND 25, BOULEVARD MAGENTA, PARIS. 



THE IM:I>I10VED HXDItOI^TJnLT. 



No. 6.— With Patent Stirrup Crutch or 
Cross Handle, Rose and Spreader. 
— ^29/6 each. 



No. 7. — With Round Stand Crutch, or 
Cross Handle, Rose and Spreader. 
— ^25/6 each. 





T/id advantages $J this form of Hydropult consist in the ease with which it can he 
worked^ and, the continuous stream of Water which it throws. 



ADVERTISEMENTS. 



JOHN WAENEB & SONS, 

HYDRAULIC AND SANITARY ENGINEERS, 

BRAZIERS AND COPPERSMITHS, 

THE CRESCENT FOUNDRY, CRIPPLEGATE, LONDON, E,C., 

AHO IBB FOnKDRY AHS TORXS, 



MlMMfatturtrs cf Hydnailk MackiiuTy o/nrtTy iliicrifHoH, Wimi EHginrs. Fin EngiHll, Canicn 
EnrifUS.WaltrWIuils.Rams. HM Wrll Pomfi.Cntrirugal Punifi, Hunt Gtar FraiMti. 
Enri^ Fmmn, b-c. Cxk! and Vakis fur Walir at H^h or Lm fnttott, PivmbiH Cotkt 

aaS Fittinn. CloaU, Baths, La^tariti. SUa," "-•—- —' " -— •^■'-■—' "-- "--■-- 

and Fillingi. Billi. Tra Urm, and Cciirai Bra 



\dEHgiHi Filling. Bur Engh 



%t\\ anO Vtaas SawcauK 
19e Sprcfal 



Hpii ointment. 



ESTABLISHED IT6B. 



"W^IM^EK'S FIRE ENCHi-INES. 




SAVD-POVBB rax ZHOnrZB, ta M»irioii»i VuthoniM, Tutoriti, ana DwvUIafs. 

HOSE, BRANCH PIP ES. UNIONS. BUCK ETS. HELMETS, «c. 

Villi Prlc*d CftUOoBUH uson •.vfiUoaXtaii. 
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WEST & DUVALLON, 

MAKERS OF 

FIRE ENGINES FOR MANUAL USE, 

STEAM PUMPS, CENTRIFUGAL PUMPS, 



WATER PUMPS OF ALL KINDS, 
CONDENSERS FOR GENERAL PURPOSES, 

BRASS COCKS AND FITTINGS, 

STEAM ENGINES, 

ffOSIZONTAL, VEBTICAL, PORTASLE, AND CONDBNSINQ. 



General Engineers and Contractors. 



WEST & DUVALLON, 



ILLUSTRATED CATALOGUE POST FREE. 



ADVERTISEM ENTS. 




snmsYksow, 




lOHSOir A QLASOOV. 



BINNEVS 
IMPROVED SPREADING NOZZLE 

Is the best for Extinguishing Fires, The water passing through it like 
a shower of rain, is readily converted into Steam, occupying a large 
space, and absorbing the supply of air from the fire. A slight turn of 
the wrist enables the fireman to convert the stream of water into a 
shower, and thus drive the smoke and heat before him. 
PRICES— i^m. |-in. and |-in. Bore, 40/- ; |-in. and i-in. Bore, 50/- ; 
ij-in. and i^-in. Bore, 60/-- 
Lai^e Discount allowed to Dealers and Fire Brigades. 



PATENT SELF-LTJBHICATING- 

STEAM L HYDRAULIC ENGINE PACKING. 




It supersedes anytHng of tie kind ever invented. Il 
keeps the rods cool, bright, and clean, and works without 
Oil or Grease, saving largely in cost and labour. 
All tba LubHoatlve Packing' Oompany's FaoUuff 
haa tHelT Trade Hark, a BL.n: 

the Cover, and their IiabeL 



Leather, Indh-Rubber, Lubricating Otis, Gauge Glassei, Boiler Comptaltloa, do. 

BINNET & SON, 

80LEUCEHCEESF0>T»ELUBRICATIVEPACHIieC0.,*HILL FURNISHERS GENERALLY, 
9, Oswald Street, Glasgow ; 63, Broad Street, Biruingham ; 

CATHERINE STREET, CITY ROAD. LONDON, E.G. 
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AHDERSOH, ABBOTT & AnOERSOR, 

INDIA RUBBER MANUFACTURERS, 

QXJEEI^ VICTOItl^ STREET. 

CITY, LONDON, 

MAJfUFACTUBEBS OF 

COPPER RIVETTED LEATHER HOSE. 
WOVEN CANVAS HOSE. 
LEATHER FIRE BUCKETS. 
LEATHER STRAP BUTTS. 
LEATHER PUMP BUTTS. 
LEATHER BELTING. 
HELVETIA LEATHER LACES. 
PUMP CUP LEATHERS. 
DRESSED CUP LEATHERS. 
HYDRAULIC RAM LEATHERS. 
HYDRAULIC PUMP LEATHERS. 



Every Description of Brass Fittings for Fire Engine 

Hoses. 



AU Kinds of Brigade Waterproof Oothing, Brigade Appfiances, &c 
Samples and Prices on Application. 
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GEORGE ANGUS & CO, 

ST. JOHN'S LEATHER AND INDIA RUBBER WORKS, 

NEWCASTLE-ON-TYNE, 

MAKERS OF 

Superior Copper-Bivetted Leather Delivery-HoBe. 
Ditto ditto ditto Suction-HoBe. 

Best India Bubber Delivery and Suction-Hose. 
Best Seamless Flax Hose. 

AS SUPPLIED TO NUMEROUS FIRE BRIGADES THROUGHOUT 

THE KINGDOM. 



Several Thomand Feet of Fire Hose in Stock. 



BRASS UNIONS, COPPER JETS, SPREADING NOZZLES, 

LEATHER FIRE BUCKETS, &c. 



CONTRACTORS FOR EVERY DESCRIPTION OF FIRE 
BRIGADE APPLIANCES, CLOTHING, &a 



Agents in the North of England for 

MEBBTWEATHEB & SONS' STEAM & KABirAL EVOIVES. 



Estimates, with full Particulars, on Application, 



ADVESTISEMENTS. 



DAVIS & HENWOOD, 

lititia ^uthr anir idta f e4a glaitukiums, 

IIl"WELL RXTBBEE, -WORKS. 
SAI.FOBI). UAKCHESTBR. 



(Su^. 



a H. Stathau & Co.,— Eitatlhhai 1S4J.) 



FIRE ENGINE HOSE, both Delivery and Suction, in India Rubber 

and Canvas 
PATENT CANVAS HOSE. 

PATENT CANVAS HOSE, lined with India Rubber, to order. 
INDIA RUBBER, in Sheet, Washers, Valves, Buffers, Rings, &a 
PACKING, both with and without India Rubber Core. 
HOSE PIPING, Delivery and Suction. 
INDIA RUBBER BELTING (best make only). 
PIECE GOODS, both Single and DoiAle Textures. 




SOLE MANUFACTURERS 
SCHONROCK 

PATENT LIFE JACKET, 

Water-proof Tweed, and 

other Garments for 

Hot and Cold Climates, In 

Single and Double 

Textures. ' 

TEXTURE PIECE GOODS. 




PRICE LISTS ON APPLICATION. 



And 110, CAimON STKEET, LONDON, E-C. 
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BRYAN BROS. & CO., 

(ESTABLISHED NEARLY A CENTURY,) 




LEATHER MERCHANTS AND JAPANNERS, 



LEATHER ft INDIA RUBBER 

HOSE. 
PIPE fit STRAP BUTTS. 
FIRE BUCKETS. 
SMOKE JACKETS. 



HELMETS of every description 
LIFE BELTS. 
AXE BELTS & CASES. 
AXES, ftc, &C. 



DACRE STREET. WESTMINSTER, LONDON. 
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HEPBURN & GALE, 



TANNERS AND CURRIERS, 



MANUFACTURERS OF 



-.A . 



LEATHER HOSE PIPES. 

LEATHER SUCTION HOSE. 

INDIA RUBBER HOSE PIPES. 

WOVEN CANVAS HOSE. 

LEATHER MACHINE BANDS. 

INDIA RUBBER AND GUTTA PERCHA BANDS. 

ROUND BANDS OF GUT AND HIDE ROPE. 

LEATHER AND CANVAS FIRE BUCKETS. 

WATERPROOF PUMP LEATHER. 



STRAP BUTTS. 
PIPE BUTTS. 
HYDRAULIC BUTTS. 
RIGGING HIDES. 
SAIL HIDES. 
SERVICE HIDES. 
HARNESS HIDES. 

GUN-METAL HOSE SCREWS, 

RIVETS AND 



BELLOWS HIDES. 
BAG HIDES. 
WALRUS HIDES. 
HIPPOPOTAMUS HIDES. 
BUFF HIDES. 
PATENT LACE HIDES. 
WHITE HIDES. 

BRANCH PIPES, COPPER 
WASHERS. 



Their Waterproof Leather for Pump Buckets retains its shape, and remains perfectly 
solid in water. It is in general use in Mines and Collieries, and may be had of all 

Leather Merchants. 



LOXG LANE, SOXTTHWARE, LONDON. 
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DATID HOSELET & SONS, 

MANUFACTURERS, 

CHAPEL FIELD WORKS, ARDWICK, 



INSIA-STTBBEB VALVES, SHEET, WASHESS, MACHINE BELTHTO. 

DELIVERT & SUCTION HOSE FIFES. 

SOLID BUBBEB, 0LAZED, AND FANCY TTJBINe for Gas. 

ELASTIC BANDS, FLATINQ BALLS, AND DOMESTIC AETICLE8. 

GAS BAGS, AIB-FBOOF CUSHIONS, BEDS. 

ELASTIC BANDAGES, SURGICAL AND CHEMICAL AETICLES. 

CANYAS HOSE for FIEE BRIGADES, MILLS, &c. 

Brass Unions, Hydrants, Branch Pipes, Nozzles. 

WATEEFEOOF CLOTHS, GAEMENTS, LEGGINGS, OVEESHOES. 

INDIA-EUBBEfi THBEAD. FINE CUT NATIVE BUBBEB SHEET. 

SFOETING AND TEAYELLING ARTICLES. 

FLOOB CLOTHS, DOOB AND CABBIAGE MATS. 

ENAMELLED LEATHEB CLOTHS AND OIL GOODS. 

FBINTEBS' BLANKETS. 

GUTTA-FEBCHA TUBING, COED, SHEET, MACHINE BELTING, BOSSES for 
Flax Spinners, SFEAKING TUBES, and CHEMICAL APPLIANCES. 

Every Description of Fire Brigade Appliances, Ciotiiing, dc. 



2 & 4, NEW BROWN STREET, MANCHESTER; 
1, MILK STREET, CHEAPSIDE, LONDON; 

AND 

57, MILLER STREET, GLASGOW. 
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LEATHER FIRE ENGINE HOSE 



ROBES, HOHAR, & HURT, 

75, ROCKINGHAM ST.. NEWINGTON CAUSEWAY. 

LONDON, 8.E., 

OF 

COPPER-RIVEHED LEATHER DELIVERY HOSE, 
DinO SUCTION HOSE, AND FIRE BUCKETS, &c.. 

Hose for Steam Fire Engines. 

Hose for Hand ditto. 

Hose for Ships' Use, and for Agricultural and other 

purposes. 
Flexible Leather Suction Hose. 
Pump Leather of all kinds. 
Hydraulic Ram Leathers. 
Dressed Cup ditto. 
Gun Metal Unions. 
Woven Canvas Hose. 
India Rubber Hose. 
Ditto Valves and Rings. 
Branch Pipes and Fittings. 

CURRIERS, LEATHER MERCHANTS, 



AND 



MACHINE BAND MAKERS. 

Contractors to the Government Departments, London Fire Brigade^ 

Railway Companies, &c. 



LEATHER HOSE ESPECIALLY PREPARED TO SUIT HOT OR GOLD CLIMATES. 



PRICE USTS O^ K^^UCATXON. 
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FIRE HOSE. 



S. E. NORRIS & CO., 

imtahmoi 1775.) 

56, 57, & 58, HIGH ST., & ST. PAUL'S LEATHER WORKS, 

SHADWELL, LOIHBOX, E. 

LEATHER MERCHANTS, 

AND 

MANUFACTURERS OF ALL DESCRIPTIONS OF 

Leather Fire Hose (Delivery and Suction), 
Leather Fire Buckets. 
India-rubber ditto ditto, 

Canvas ditto, 

Leather Belting and Laces, 
"Helvetia" ditto ditto. 
Pump, Cup, and Hydraulic Leathers, 

&c., &c., &c. 



Messrs. NORRIS & CO. will be pleased to forward^ upon 
application, their Price List for above; and to furnish Fire 
Brigades or Towns with special Estimates for Fire Hose^ &c. 
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WILLIAM NICHOLS & SON, 

Manufacturers of Boots, Shoes, l Leggings, 

NORTHAMPTONSHIRE. 



ESTABLISHED OVER HALF-A-CENTURY. 



CONTRACTORS FOR THE 

METROPOLITAN FIRE BRIGADE, 
„ POLICE FORCE, 

„ BOARD OF WORKS, 

ARMY, 

NAVY, &C., &C. 

ALSO, 

MANXTFACTUSEBS OF EVERT DESCSIFTIOX OF 

WATER BOOTS, 

SUITABLE FOR 

DOCKYARD, SEWERAGE, AND NAUTICAL PURPOSES. 



ESTIMATES AND PRICES GIVEN UPON APPLICATION. 



LONDON WAREHOUSE- 



13, BLACKPEIARS ROAD, S,B 
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WEBB AND SON, 

Combs Tannery, Stowmarket, 
TANNERS, 
CURRIERS, FELL- 
MONGERS, 



;^^' \glove-leather 

MachineViQ 



Bands, 



m 



DRESSERS, 

Slaimfatturns 



Well stretched, manufac- 
tured from Hides selected, 
Tanned, and Curried expressly 
to ensure the qualities of strength, 
uniform toughness and durability, 

Jibr lAe nipcrior quality and ina«ufaeture 0/ TvAkh' 
the folleuiiag are some oftht Prhes obtained:- 

FIBST CIiASS MSriAXS 

LONDON, Hamburg' COLOGNE, stettin^ 

R.A.S,E,, BURY ST, EDMUNDS, ALTONA,"^ 
VIENNA, CDSTRIN, Sc 

KoxDurabli fBcnlion (1607) ^aria Hnibtrsal £riiil)itiDn. 






M 



w- 



English Strap Butts, Stretched.— Pump Butts.— Hose Butts, 
closely rounded.— Walrus and Buffalo Hides.— Leather Fire- 
Buckets.— Patent Solid and Plaited Round Leather Bands. 
—Treble Leather Bands.— Catgrut Bands- — Green Picker 
Bands. — HTdraulic and Pump Leathers.^— Hand Leathers. — 
Gun Metal Unions for Hose.— Copper Rivets and Washers, 
tinned— Greene's Patent Belt Fasteners.- Leather Bands 
and Hose of any size made to order. 



WEBB i SON, COMBS TANNERV, STOWMARKET, SUFFOLK, ENGL-.ND 
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ROYAL SOCIETY 



FOR THE 




xGttttm 0f ITife fr0m Jfirt, 



LONDON: 66, LUDGATE HILL, E,C. 



PATRON. 

HER MOST GRACIOUS MAJESTY THE QUEEN. 



MR. ALDERMAN FINNIS. | SAMPSON LOW, Esq. 

J. W. BUTTERWORTH, Esq. 



The Society was estabHshed in 1836, but its objects were not fully developed, 
nor its operations carried to any extent, until the year 1843, when the necessity 
for such an institution became so evident that, at a public meeting convened for the 
purpose, the Society was re-organized, and it is now carried on for the following 
purposes, viz. : — 

1st. Bestowing Rewards, at the discretion of the Society, either by the gift of 
Medals, Testimonials, or sums of Money, to persons who have specially 
distinguished themselves, or received injury while engaged in the rescue 
of Life from Fire, and by making Grants to the Parents, Widows, or 
Children of such persons whose deaths may have resulted from their 
endeavours to rescue such lives. 
2nd. Diffusing information relative to the best methods of securing the safety 

of persons in danger. 
3rd. ETOmniing into, and asnprfaining the merits id, «ich Inventions as from 

time to time may be presented to the Society's notice. 
4th. Supplying suitable Fire Escapes, with men duly qualified to attend to and 
with the same, and to instruct others in the use thereof, upon such terms 
as the Committee shall from time to time approve. 

Commencing only with six Fire Escapes, each year showed a progress over the 
preceding, until, in 1867, the number stationed throughout the Metropolis by the 
Society was Eighty-five. 

In 1867 the management of the London Fire Brigade was transferred to the 
Metropolitan Board of Works, and the said Board was authorised to establish 
Fire Escapes throughout the Metropolis, and to take the property of this Society in 
their Stations and Fire Escapes. 

The Committee, feeling that the time had arrived when the management of the 
Fire Escapes within the Metropolitan area should be under the control of the 
Municipality, the Eighty-five Escapes were then given to the Metropolitan Board 
of Works. 

During the last 10 years of the Society's management of the Escapes in London, 
it attended Five Thousand Nine Hundred and Seventy-seven fires; and saved 
§even Hundred and F<Miy-one lives. 
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The Committee now direct their attention to promoting, by the supply of Escapes, 
efficient and well-organised means for saving life in the suburban and provincial 
districts; and their labours, in this respect, have resulted in Forty-seven of the 
Society's Fire Escapes being placed at various provincial towns in the United 
Kingdom, at the following places : — 



Beckenham. 

BoumemoutlL 

Brentford. 

Canterbury. 

Chatham. 

Chippenham. 

Colchester. 

Cre^ve. 

Dartford. 

Deal. 

Devizes. 

Epsom. 

Eton. 

Gravesend. 

H enley-on-Thames. 

Highgate. 



High Wycombe. 
Hitchin. 
Ipswich. 
Kingston-upon- 

Thames. 
Lichfield. 
Lowestoft. 
Luton. 
Maidstone. 
Maidenhead. 
Maldon (Essex). 
Marlborough. 
Newbury. 
Norwich. 
Reading. 



Samt Albans. 

Salisbury. 

Sevenoaks. 

Southampton. 

Staines. 

Sudbury. 

Tenby. 

Twickenham. 

Uxbridge. 

Ventnor. 

Warwick. 

Watford, 

Wimbledon. 

Winchester. 

Windsor. 

Worthing. 



Rugby. 

The Fire Escapes are intrusted to the Executive of the localities to which they 
have been sent, upon their entering into *an Agreement with the Society to provide 
suitable Stations, maintain them in working order, and ready for instant service in 
case of fire. 

The Machines being the property of the Society, it is a condition of each 
Agreement that, if they are not kept in a sound and efficient state, the Committee 
have the power, at one month's notice, to require the Local Authorities to return the 
Escapes to the Society. 

This Society is the only systematic organization in England for rewarding brave 
exertions in saving Life from Fire ; for which silver medals, testimonials, and donations 
of money have been awarded in Nine Hundred and Twenty-seven cases. 

The Committee issue gi:atis a broadsheet of practical Rules, showdng what is best 
to be done upon an alarm of fire, and how to treat injuries from fire. 



Copies of the Annual Report can be obtained upon application /b Mr. Charles 
Wright, Secretary to the Society^ — OfficCt 66, Ludgate Hill, E, C. 

Donations and Annual Subscriptions will be received at the Bank of 
England, to the account of the Society s Treasurer and Trustees; by the Treasurer, 
Alderman Thomas Quested Finnis; by any Member of the Committee; or by 
the Secretary, at the Society s Office, 66, Ludgate Hill, E,C 



Jporm of a IScqutst.— I give unto the Treasurer of the Royal Society for the 
Protection of Life from Fire the sum oi £ , to be paid out of such 

part of my personal Estate as by Law may be applied for such purpose, the Receipt 
of the Treasurer for the time being of the said Society to be an effectual discharge for 
such Legacy. 
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WHAT 18 WANTED IN A FIRE ESCAPE. 



A GOOD Fire Escape can render valuable help at a fire, not only in rescuing the 
inmates of the building, but also in assisting the engines to extinguish the flames — ^by 
enabling a stream of water to be thrown with force through an upper window into the 
heart of the fire. Many large fires are promptly extinguished in this way, and small 
fires are prevented from spreading. 

To be capable of performing these services with the utmost d^;ree of efficiency^ 
the machine should possess four essential qualities. In the first place, it should be 
strongs to enable it to bear the various strains put upon it when in use, and to withstand 
the occasional rough usage of an excited crowd at a fire without breaking down. 

Secondly, it should be as light in weight and easy in traction as possible, to allow 
of its being rapidly propelled to the scene of action. For the same reason, it should 
be so constructed as to meet with the smallest possible amount of resistance from ikt 
wind in travelling. The speed of ordinary vehicles (hansom cabs, for instance,) is 
affected by the wind, and this is much more the case with a Fire Escape, which, from 
its height and bulk, necessarily presents a very considerable surface. This is an 
important point, as a delay of even a few moments in arriving at a fire may at any 
time prove fatal. 

Thirdly, the materials used in its construction should be as incombustible as pos- 
sible. The canvas shoots still to be seen on many Escapes are most objectionable, 
both on account of their inflanmiability, and the extent to which they catch th^ wind 
in travelling. 

Fourthly, the Machine should be easily niaftageable. Its construction should 
allow of the various operations of raising and lowering, shipping and unshipping the 
ladders, being accomplished smoothly and easily, so that any required point in a buiming 
may be reached with as much rapidity as possible. 

The Escapes formerly in use in London, and those still in general use in Pro- 
vincial Towns, are defective in all these respects. Under the regime of the present 
Chief Officer of the Metropolitan Fire Brigade, Captain Shaw, the great importance 
of remedying the defects has been fully recognised, and a vast numb^ of experiments 
have been made with a view to obtaining, if possible, a perfect machine. The labour, 
research, and ingenuity perseveringly expended with this object have brought forth 
valuable practical results. A Fire Escape has been designed, and officially adopted 
as the model, weighing 4 cwts. lighter ; easier of draught ; fifty per cent stronger, 
quicker to travel, and easier and safer to manage than the old-fashioned Elscapes. It 
is also less expensive. 

The superiority of the new model being so manifest, the Metropolitan Board of 
Works have, by Captain Shaw's advice, ordered the whole of their Escapes, 120 in 
number, to be replaced by the improved ones, or converted to the improved modeL 
The Work has been carried out by Messrs. E. H. Bayley & Co., of Southwark. 

The wisdom of this step has been remarkably vindicated by the results. Many 
lives have been saved by the new machines that would have been lost inevitably bad 
the old Escapes been used, and the work generally has been more efficiently performed. 

It will be satisfactory to local authorities to. know that the principal improvements 
can be, without much expense, applied to the existing Escapes, and will add both to 
their efficiency and durability. The Escapes thus strengthened will afterwards cost 
but little for repairs. 

Many towns, after going to the expense of procuring Escapes, allow them to sink 
into such a state of decay, that if used at a fire they would probably cause death or a 
serious accident, instead of protecting life and property. Every Escape should be 
thoroughly examined and tested in every part at least four times a-year by experienced 
persons. The occasion of the annual overhauling and repairing will afford a 
favourable opportunity for applying the new improvements, and much expense will be 
saved by thus making one transaction of the whole work. 



For /urther particulars y apply to E. II. Bayley & Co., Sole Constructors of Fin 
£sca^s to the Metropolitan Fire Brigade, 42, Newington Causavay, London. 



ADVERT I SEMFNTS, 
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PATENT TELESCOPIC FIRE ESCAPES. 

PRIZE MEDAL, DUBUN, 1872. 



WILLIAM J. CLAYTON, 

40, CAMr»EN STItEET. Z>XJBIjI1^, 

INVENTOR AND MANUFACTURER. 



CLAYTON'S PATENT ESCAPES are solely adopted 
in Liverpool, Glasgow, Greenock, Carlisle, Cardiff, Dublin and 
Kilkenny, &c., &€. They are also used by the Metropolitan Fire 
Brigade, London; and the Alexandra Palace Company. 



FSICES, from £58 to £98, ACCOBBIHG TO SIZE. 



OLE Agents in England— Messrs. MERRYWEATHER & SONS, 
Fire Engine Makers, 63, Long Acre, London. 

AGAB'S Patent "Toilet laMe" rULE ESCAPE" 

THIS simple and beautiful contrivance for the 
saving of life from Fire, must and will, fi-om 
the greal interest already manifested in it, eventually 
lind its way into all Residences and Hotels. No 
one, in a detached country reudence especially, 
who values the life of family and domestics, will 
be without one of these Tables. In appearance it 
msy take the form of, and cannot be distinguished 
from, any ordinary table, and yet, in two minutes, 
it can be unfolded by any person, and form a per- 
fect escape, from any height, from lire. It has 
been tested and found capable of bearing and low- 
ering to the ground a weight of Jo stones, without 
showing the slightest sign of weakness in any part 
Ladies have made use of il, and descended with 
perfect comfort and safet)' from a third storey — a 
height of 30 feet. Height, however, is really of 
no consequence, as it is as perfectly safe from a 
third, fourth, or fifth storey, as from a second. 
Persons in using it are so protected as to inspire 
them with a feelmg of security, and it is impossible 
for (hem to get anywhere bul into the Escape, by 
which they are taken safely to the ground. Besides 
the saving of life, it is also admirably adapted for 
the saving of jewellery, or other articles of value. 
The cage is of suflicient siie to take two persons 
at once, and it can therefore accommodate a great 
number of small articles of value. 
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"WBTHERED'B 

IPatat Jfrittian |p»IItj ^Iitli aitir J'irt tfstspt. 

Fig. I shows a Fnction Block fitted as a Fire Escape. This block has foar 
sheaves, or rollers, rivetted to the two side- 
plates; a centTsl sheave, rivetted through guide- 
slots in the side-plates lo a shackle having a 
short chain and ring, is moveable to and from 
the fixed sheaves, so that when a weigh! is 
applied, either to the rope or bloclt, this move- 
able sheave is drawn against one of the fixed 
sheaves, and nips the rope passing through the 
block. When lowerii^g others, the block is 
hung up by the ring of shackle, and the 
descent controlled as shown in the engraving, 
each end of rope being used alternately. 
When lowering self, the end of rope is hung 
np, OT the rope can be thrown around the two 
sashes, as shown, and the person attached b; 
the belt to the ring of shackle. His weight 
Cfloaes Ihe moveable sheave to close on the 
lower fixed one, nipping the rope, and drawing 
(he block down the rope, the descent being 
controlled by allowing rope lielow the block to 
pass through the hands. 

Both operations are exceedingly simple. Ir 
the former case, the apparatus is used as ar. 
ordinary block ; in the latter, as a person would 
lower hiniself down a rope. In both cases, the 
weigh! is held by the block, and the friclion 
on the hands reduced to a minimum. 

Persons are secured before getting out of 
the window. The entire apparatus, wound 
itnmd a reel, only weighs from 7 to 12 lbs., according to die and length of rope; 
costs from aoi. to yts.; is very strong, and can be fitted in a moment. 

The only reliable channel of escape is from your bed-room window; and confidence 
in the certainty of being enabled, not only to make good your own escape, but to 
render aid to others in rooms belonging or adjoining, will ensure presence of mind on 
such an emergency. 

Fig. 2 shows an ordinary Raising Block, with one side-plate removed to show the 
action of the rope and moveable sheaves. By depressing the 
lever, the moveable sheaves are drawn against the fixed 
sheave, nipping the rope passing over it; and by giving the 
end of rope a turn round the sheave at end of lever, the 
block is given sufEcien! holding power in itself !o enable one 
person Co hold or lower gradually, under complete control, 
I the weight raised. It is espedally adapted for lowering 
boats, as the friction can be instantly withdrawn, and the 
rope allowed to run out, leaving the boat free as soon as it 
touches the water. 
Putioaluih m^r ta tlu Imntar, Kaju 
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M. OESTBERG'S 

FIRE-DIVING" DRESS. 



VARIOUS Exhibitions of this Dress have 
been given, during the Autumn of 1876, at the 
Alexandra Palace, Lillie Bridge Grounds JVest 
Brompton, Polo Grounds Brighton, and elsewhere, 
with the marked success and approval with which 
it met in all parts of the Continent. It has been 
awarded one of the few Gold Medals given at the 
International Exhibition for Life-Saving Appa- 
ratus in Brussels, 1876 



>- •^•-<- 



FOR PARTICULARS, APPLY TO 

HODGKIN, REDHAUS & CO., 

61 & 63, QUEEN YICTORIA STREET, 

LOHDOH, K.G« 



ADVERTISEMENTS. 4; 

THE DENAYROUZE PATENT RESPIRATORS 

Are designed for the use of firemen and others who have to enter places infected with 
smoke or gases, such as burning buildings, ships on fire, gasholders, sewers, cesspools, 
vats in breweries and distilleries, and in chemical works of every description. 

The Respirator is supplied to the Fire Brigade of London, under Captain Shaw, 
to which 120 sets have been supplied, is illustrated below, and, as will be seen, is 
eilremely simple. 

Its utility in chemical works may be estimated by the fact Ihal, in cases where 
men had been killed by deadly gases, and the works suspended in consequence, other 
men prolected by this Respirator resumed their labouis, and worked for houis at a 
time in the veiy elements which had proved fatal to their comrades. 

This Respirator enables [he wearer lo breathe independently of the atmosphere 
bj which he is surrounded, it will be found of great service in cases of fire, where men 
have frequently to risk their own lives in attempts lo rescue others. 

For cases of fire on shipboard, it'is speci 
supplied with pure air, can attack the seat o 
steam by which he is surrounded, and can rc 
hss strength to work. 




PRICES— With 30 feet of Tube, £5. 10s. ; with 50 feet of Tube, £7. 1 
Patent Eye Protectors, £1. 6s. per Pair extra. 

niustralid Cataiogiu and Testimonials post frie en npfikation. 



DEIN^ATIiOTJZE & CO., 

SUBMARINE & MINING ENGINEERS, 

7, SOUTHAMPTON STREET, STBAKD, LONDON, W.C. 

R. APPLEGARTH, Mahageb, 

tha WiT D«BMtmmit, Tin Sowl Bohool of IKlitirj Enjinetrias, Tin ««ropoUti 
Baud it Torki. fa. fa. 
[And at 3, BOTILEVAIIIJ VOLTAIBB, PASIS.] 
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The Exchange Telegraph Company, Limited. 

Inooirporated. ISTS, 

Under the Companies Acts, and a special license from Her Majesty s Postmaster-General. 



CAPITAL, jf225,ooo. 



Head Offices— 17 and 18, CORNHILL, LONDON, E.C 



This Company is now establishing Branch Offices or Call Stations throughout the Metropolis 
and Suburbs for the due administration of its 

TELEGRAPHIC CALL SYSTEM, 

By the aid of which, subscribers may be enabled at any hour of the 

DAY OR NIGHT 

TO CALL A 

MESSENGER, CAB, or POLICEMAN, 

AND GIVE THE 

ALARM OF FIRE, 

While many other " Calls/' indicating the wants of a private hous^ chambers, office, or place of 
business of any kind, may be arranged for^ all such being made in the same uniform manner by the 
pressure of a button on a small automatic instrument, placed as most convenient, and telegraphically 
connected with the nearest " Call Station" of the Company^ which in no case will be distant from the 
subscriber, more than a (quarter of a mile, or three minutes' time. These instruments occupy but a few 
inches of space, are not liable to get out of order, require no local batteries or winding up, and no 
knowledge whatever of telegraphy to work them. 

CALL STATIONS 

Will be established wherever a demand for them may arise ; they will be prodded with a permanent 
staff of Operators and Messengers, whose duty it will be to receive and attend to ** Calls." A police- 
man will be found there, and an expert with a hand-pump or extincteur ready to act on the first 
alarm of fire, and each Station will be in telegraphic communication with the nearest 

POLICE AND FIRE BRIGADE STATIONS, 

Thus enhancing the public value of the system by the increased security which will be rendered to 
life and property. 

The system has been in operation in the United States for some years past, having been initiated 
and established by the American District Telegraph Company to meet a great public want, and 
where its practiced advantages have become so fully recognised and appreciated that it is being 
rapidly adopted throughout the States ; in New York, where it originated, and some thousands of 
instruments are at wonc, it is considered indispensable as 

THE HOME TELEGRAPH. 

A PROTECTION TO LIFE AND PROPERTY— A CONVENIENCE IN 
DOMESTIC LIFE, AND AN ADJUNCT TO BUSINESS. 

DAY SERVICES, 

Chiefly for the purpose of utilising the Messenger Service, will be established in business localities 



Terms for a Single Instrument : 

Day and Night Service 5 Guineas per Annum. 

Day Service 4 Guineas per Annum. 

Extra Instruments at a Reduction. 

Instruments placed and connected with the nearest Call Station of the Company, and kept*^ 
working order free of all charge to subscribers. 

Messengers, when employed, Sixpence to Eightpence per hour. 

Automatic, Fire, and Burglar Alarms fitted in conjunction with the Call System. 

For further particulars, apply to the SECRETAR Y, at the above Address, 
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TYNDALUS SMOKE RESPIRATOR. 




This useful and invslusible it 
complete protection to the wearer from the 
pernicious effects of dense and pungent tmoke, 
and will enable any one to save life, or discover 
the seat of (ire. 

Price £2. IM. 
The CoHBiNBD Respirator with Spiral 
WiRB TUBiNO enables the wearer to enter 
roonu in the presence of mephitic gases, or 
to descend wells containing deadly gases. The 
Tubu^ at same tim^ aerves the purpose of a 
speaking tube. 

Price of Res^rator, £3. 
Tulnng, i^ pcf Foot. 



JAMES SINCLAIR, 
48 & 50, BLAOKFRIARS STREET, MANCHESTER] 

104, LEADENHALL STREET, LONDON. 
INSTTBANCE AOAI HST PAMAOE BT LIGETinNG. 

SANDERSON & PROCTOR, 

Manufacturers of every Description of Lightning Conductors, 

SOLE MAKERS OF THE 

PATENT SOLID COPPER TAPE LIGHTNING CONDUCTORS, 

The only Conductors which embody all the requirements for the complete control 

of Lightning, as proved by the reaeaiches of the highest modem scientific authorities. 

Amidad BtLTtK irm^r. (yjnt Filu) ti BETTBSELB XXUIBimnr, IffiV. 

OpiKUH qf Mofu. K. F, MieHH., StUHtifii: Adtittr U tit Frtmh GtvtrH m t nt a l Diparimrmt 

St Lightning Conductt 
Ofinim iif R. J. Makh, M.D,, lali Prtiidtnl of Iki Mtltsnl^;ical Sedtfji. 
'* [ like your Copper Tape for the cnnilruction of Ijchtning Roda Terr much, I think it Ik pre- 
ferable to Copper Rope. It b obriouiLy an eicellent Conductoi, ud louli Uieltvety realty to the 
cfSdent couctuctiDn of air terminals W guth contictE." 



AUTOMATIC FIRE EXTINGUISHER AND ALARM, 

For Mills and all Buildings where Steam is used. Combats the Fire in its bfancy, 

the only time when a Fire can be successfiilly operated upon. 

Awudid flILTES f"'^''. ^ BSVBIIEI8 XZHIBITION, 1178. 

Awudid »»"^T. at PBIUIIELPEIA EZEUITIDV, 1I7B, 

SA.isrr>ERSoisr & fe-octor, 

SHORE WORKS, HUODERSFIELD, AND 
19 & 21, QUEEN VICTORIA STREET, LONDON, E.C. 
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Water Tanks are indispensable for "Fire Protection." 



CROUCH & JAY, 

(CBOUCH, 18 year$ Manager oftke W6rk$, Liwulunue,for Trppsm A Co.) 
MANtrFACTtntBRS OB" 

wsoiraHT-iBoir gistebks Aim taitks, 

OUTEBVI 




Liquid Hannre and Water-Gart Bodies, GatUe Troughs, &a 

stock Sitet dtliuerid the day follmidng Rictipt of Order. 



Begeuf 8 Whar^ Catherine Street, LimehooM, Londoii, E, 

(CATHERINE STREET, OffetiU Stm-nm Chukh.) 



GOVERNMENT 
TO H. M. 



CONTRACTORS 
BOARD OF 



ADMIRALTY, INDIA COUNCIL, CROWN COLONIES, 
CUSTOMS, TRADE, WAR, &c 



T HOMSON 8e SO N, 

Flag Makers, Bnntuig Factors, Ship Chandlers, 

ROPE AND SAIL MAKERS, 
OIL MERCHANTS, & TARPAULIN MANUFACTURERS. 



THOMSON & SON, 

283, WAPPINO, LONDON, B. 



fmS 0! ka SHMHS IH SILK AKD BUNTIKB. 
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CBOGGON' & CO., 

42, UPPER THAMES STREET, LONDON, E.G., 
BUILDERS OF 

Iron Warehouses, E00&, Schools, and Houses. 



ESTIMATES FREE ON APPLICATION. 




FELT MANUFACTURERS, 

®aftaiii|£)r Iron Perr^fa, suit lint |mpiirto«, 

MAKERS OP 

WROUGHT-mON CISTERNS AND TANKS. 



CROGGON & CO., 

42, UPPER THAMES STEEET, LONDOH. 
LIVERPOOL & GLfcSGO^. 



AOVeRTISEMEMTS. 



FIRE-RESISTING 

COMPOUND ARCHED FLOORS AND ROOFS. 

Patented In Great Britain, France, Belgium and other Countries. 




Siclim t/Flar/or Public BuUdiitgi. Manaini, trc. Jeitli and BeardtdTlatr tn Paltni Floor. 

Xiifctntor «r i^atnitJt— GEORGE NORTHCROFT, 

ARCHITECT i, 8URVEV0R, 
5, CASTLE STREET, LIVERPOOL. 

These Fire-resisCmg Compound Arched Floors and Roofs have been designed by 
the patentee with the view of enabling architects to erect buildiiws ol equiJ]; durable 
materials thronghout, and to avoid the neces^tj ol using timber foi floors and roofs in 
the erection of public buildings and institutions, mansions, warehouses, mills, or other 
buildings designed to contain costly works ol art, articles of virtu, merchandise, and 
machinery. 

By the adoption of Northcroft's Patent, not only the walls, but floors and roofe, can 
be constructed of brickwork, bonded together with iron, emliedded in the work, so 
that in the event of fire occurring in any particular part, it is prevented burning its 
way through into other rooms adjoining the one in which the fire onginaled, thus 
securing as perfect an immnnity from fire to the goods in other parts of the building 
as it is passible to obtain. 

It is most undesirable for the architect to have recourse to concrete in the constnic- 
tioD of PIre-proof Buildings, which, although a good building material when skilfuU; 
handled, is exceedingly treacherous when not so, or undei severe fire tests, and it u 
not at all necessary, for by the aid of machinery, clays can now be moulded into ai^ 
required fonn ; and daily experience teaches, for strength and durability, in positions 
where the materia! is constantly exposed to the action of Gre, none so r«jiable can be 
obtained as the fire-brick. 

The patentee, therefore, having determined that, under all circumstances, implidt 
confidence may be placed in his floors and roofi, will only use the best known a ' 
approved tire-clMs m the manufacture -"■■ '' 

The design of^the floors and roo& 



approved tire-clays in the manufacture of his goods. 
'" ' sign of^th " - -"' ■--'■ ■ ■ ' ■ ' 
5 bv empli , „ 
[o delay necessarily need occur. When the walls ai 



to facilitate building 
opemtions by employing in their erection the bricklayers engaged carrying np the 
walls. No delay necessarily need occur. When the walls are brou^t up to the flow 
level, the flat centres are set, and the cast-iron wall-plates bedded on Uie walls, the 
rolled iron joists placed on their bearings, and the skewbacks bedded to them in a 
composite of asphallc, which renders expansion easy, and avoids disturbing the 
adjacent parts. The various arches are then filled in, and when the floor is compTeted, 
the walls can be at once proceeded with up to the next floor level. The distance 
between the girders, and their depth, is determined by the load to carry and the 
width of the rooms. In any event perfect security can be guaranteed, the strength 
n^ated to meet the requirements of the occupants or owners of the building, and 
the depth according to the bulk of goods to be warehoused upon each floor, so as to 
prevent the heal passing through. 

These Fire-resisting Compound Arched Floors and Roofs are patented in Great 
Britain, France, Belgium, and other countries. 
Information given and desigiis furnished for rendering buildings fire-resisting, and 

their erection superintendedi, \tj fee ^WaAee, George Nokthcroft, 5, Castle 

Street, X-iverpool. 



ADVERTISEUENTS. 



FIRE-PROOr BUILDINGS 




LASCELLES' FIREPROOF 
PATENT COITCKETE SLAB COTTAGES 



No Brictwork, 

No Flistering. 

No Slates or Tiles. 

No Concrete Filling In. 

No Scafiblding. 

No Excavating. 

No Sunk FoDndations. 



No Wood Floors. 
No Door Frames. 
No Window Frames, 
Are Water Proof. 
Are Vermin Proof. 
Are Non Conductors. 
Are IndestnictiUe. 



Can be erected veiy quickly. 

Can be built in the winter. 

Can be occupied soon as built. 

Can be removed and re-erected. 

Can be convened any distance. 
Can be buill to form tenant's Fixtures, so as to be removable. 
Can be built by any country builder or estate carpenter, assisted by any 

country labourers, without spedal knowledge and with ordmary tools. 
They are one-fourth the weight of an ordinary house, and are much cheaper. 

The Patentee will give estimates, free of charge, for these Houses, either free on 
board in the Thames for export, delivered to any railway station in Great Britain, or 
liied complete ready for occupation. 



W. H. LASCELLES, 

121, BUNHILL ROW, LONDON, E.G. 



Strimg "^ams, 

TO HER MAJESTY THE QUEEN. 




Synopsis of Hobbs & Co.'s Inventions — Locks, Safes, &c. 
STRONG DOORS, ROOMS, Sto—How made Secure. 

FlKST. — By a series of Interlax^g Projecliona from the Door and Frame, bolted 
together by horiiontal and clutch Wting, which are retujied by & parallel wedge 
bolt, extending lo the height of the door. 

Secondly. — By constnicling Strong Rooms of a series of Plates, fomked of high 
and low Carbonised Iron and Steel welded tt^ether, laid in transveise order. Bullioo 
Rooms should be planned with a Patrol Chamber under, aroond, and over, to 
protect from tunnelling and excessive lires. The Metallic Walls protected b; Fike- 
Clay Bricks, and Slabs dovetailed (o the Doors and to the Metallic VitMs where 
exces^ve risk is possible — (H. & Co.'s visit to the Chicago Ruins after the 1871 
Fire.) 

LOOKS— How made Secure from Violence, False Keys, dc. 

Thirdly,— By means of Hobbs & Co.'s Violence Protector Lock. The 
large bolts of Strong Room Doors are continuously held by a series of Holding 
Stumps, extending to the height of the door, instead of one stump onlj, as all other 
Locks. 

Fourthly, — The security of Locks depends on the fcct that there ace no illicit 
keys at the time of locking up. Hobbs & Co.'s Change Locjts enable the possessor 
to make his own key before locking up, merely by alterii^ the steps of the key, or 
changing the key, as every change virtually makes a New Lxick ; hence he is abso- 
lutely independent of any peison who may. have lalse keys fraudulently obtained or 
from wax impressions, &c 

LOOKS— //o* made Secure from Gangs of Burglars. 

Fifthly. — To prevent the use of the original or false keys at illicit hours, should 
they be obtained by force by Garrotters, &c., HoBBs & Co.'s New Patent Chro- 
NOMETRic FA1.SE-KEV, AciD, AND GUNPOWDER PROTECTOR LoCK provides means 
for securing the Locks against the use of all keys, by blocking the key-holes and the 
locks for any period the Chronometer is set— from 1 to 60 hours. The locks by these 
means are secured from being opened during the hours the Chronometer is set, even 
should the original keys be obtained by Garrotters, &c. — (See the Tinui, Feb. 1876.) 



Spicial Lists of Safes, SlroTtg Rooms, Doors, &'c. ; also of Locks for Mansions^ 
Banks, and Molds; also of Locks for Prisons, Convict Cells, Gfc, comfiiU, with 
dOailed Systtnt of Canstnutiim. List frie on application. 



HOBBS, HART & Co., 76, CHEAPSIDE, LONDON, 

lUXXBS or THE BASK OT EHQLAHD BTILIIOIT TBEASHBT DOOBS. 



ADVERTISEMeNTS. 



WHITFIELD'S 

PIEB A.NT> BXritGLj^It-FIi.OOP 

SAFES. 




IRON DOORS FOR STRONG ROOMS. 

Light Iron Doors for Insurance Purposes. 

aUNPO'WDEB KAaAZnTES. 

LOCKS, &c. 



PKICE LISXB FREE. 



VIADUCT WORKS, OXFORD STREET, 

BIRMINGHAM. 



AD VESTI SEMENTS. 



COUNTY FIRE OFFICE, 

No. 50, REGENT ST., & No. 14, CORNHILL, 
LONDON. 



XDST^BUIS 



CBD isoe. 



TnutMi and DiiMtoim. 
JOHN A. BEAUMONT, Esq. 
CAPTAIN W. SPENCER BEAUMONT. 
LT.-COL. HENRY BRACKENBURY, R.A. 
HENRY GARDNER, Esq. 

SIR WILLIAM EARLE WELBV GREGORY, Bart. 
JAMES FORTESCUE HARRISON, Esq., M.P. 
SIR RICHARD D. KING, Bart. 
ADMIRAL SIR G. ST. VINCENT KING, K-CR 
THE HON. ARTHUR KINNAIRD, M.P. 
ARTHUR FITZGERALD KINNAIRD, Esq. 
WILLIAM OSTLER, Esq. 
THE REV. ISAAC SPENCER, &c., &C. 

SMMttry.— GEORGE W. STEVENS, Esq. 



On oU ordinaiy Inaoiancea in Uie Connl^ Fdr« OSlce, one-fourth 
of the PremiTim paid is returned every Seven Teaxa, to tho«e 
Policy Holders who have not become Claimants during that period. 

The Rates of Premium arc tie same as in other Offices not making Returns, 
All Losses are settled with promptitude and liberalilr- 

The Insured in this OfHce are exempted fronf all liability ; the Shareholders being 
alone responsible for Losses. 

Examples of Returns paid to Persons Insured In the County Fire Office. 



iam Felix Rilty, Esq., Forest Hill .. 
in. BroadwcKid, Golden Square, W, 
r. Copeland, Esq., New Bond Street. W. 
His Gnu:E the Duke cf Beaufnrt .. 
Edward Tfaomton. Esq., Priacd Street, W. 

-■ or-General Vy5o 

!r ThompaDU, Esi.. Fiith Street, SohDiW, 
ramcB J. HaDiiliDO, Bart.. FortniaD Squact 
sra. C. J. & C. Corder, Brietlton 
1 Amor, Esq., New Bond Street, W. 

^TS. Hunt & R^kell. New BonJ Street, "Vi 

The Right Hon. Lord Nonhmdc . . 

Ldldy Jane Knjd, Wiuipole Street, W. .. 

Clmrlet Ptitet, Eiq,, Charing Cross 

Ji,hDMilman,ksq., Lewes ,. 

Mcisn. Unratt& Son, Horeham .. 

The Right Huu. Earl Howe 

ITie Rev. C. Barter, Sarsden. Oion 

The Right Rev, Lord Bishop of SL David's 

E. N. Kidd, Esq. , Brighton 

The Dowager Caunless of Ripoa 

C G. EversBeld, Esq., Demie Park 

J. H. Hamikoa, Em., M.P., Abbolstown, Do 

Messrs. FetrVa,PQUock,& Co., Duhlin 
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ABSOLUTE SECURITY A8AINST THE BURGLAR. 



C^fi^l l 



THE baffle; 



Fire-Proof Safes & Strong-Eoom Doors. 



IN""V:B]SrTOH.S A.NI> PA-TEHTTEEB. 
SOLE MLA-HTJE^CTTJEEBS, 

G. O. TALBOT & Co. 

(LATE GEERING & Co.), 
ESTABLISHED 1S4S, 

BLEWS STREET, NEWTOWN ROAD, 
BIBMINGHAM. 
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THE EQUITABLE 

FIRE INSURANCE COMPANY, LIMITED. 

8, CORPORATION STREET, MAKCHBSTER. 

REGISTERED CAPITAL ;£50o,ooo. 

CAPITAL SUBSCRIBED 228,240. 

ANNUAL INCOME, as at 1st November, 1876 40,000. 

POLICY-HOLDERS IN THIS COMPANY HAVE NO LIABILITY. 
THS BUSINESS 07 THB OOKPAHY IS COHmrEB TO THE UNITED KINODOM. 



ALLOWANCES ARE MADE 

FOB 

Arrangements tending to lessen the Risk of Fires occurring; 

OR 

Tending to minimise the Loss when Fires occur^ 

AS follow: 

Twenty p«r cent, may be obtained from the Ratei of Killa eeoctifled by the Gompaay'a Sunreyor, 

to conform to the following aixangemente : — 

GENERAL ARRANGEMENTS— 

I.— WALLS SUBSTANTIAL. 

2.— FLOORS SUBSTANTIAL and in PERFECT CONDITION, and 

having no openings through them for any purpose whatever. 
3.— MEANS OF EGRESS SUFFICIENT. 
4.— MAIN GEARING outside the MiU. 
5.— CLEANLINESS and LIGHTING-UP attended to systematically and 

efficiently. 

FIRE-EXTINGUISHING APPLIANCES- 

I.— A sufficient supply of BUCKETS and BRUSHES, or UEXTINCTEURS, 

or SMALL HOSE, in each Room of the Mill. 
2.— A STEAM FIRE ENGINE with Hydrants from the same over the 

Works, and on every floor of the Mill, with Hose and Fittings sufficient 

throughout 



If, from the nature of the Risk, arrangements other than are above specified are 
requisite, the necessaiy information is given to the clients of the Office. 

Policies on Risks of Ordinary Hazard, where arrangements such as are above 
specified are not requisite, have a Premium returned at the end of every fifth 
year, should no claim have been made during the five years. 

Gentlemen, suitably qualified^ desirous of representing the Company ^ are invited to 
communicate with — 

D. R. PATERSON, Manager. 
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THE 

MANCHESTER 

FIRE ASSURANCE COMPANY 



£:staT3lisb.ed XQ^^. 

Chief Offices : 

98; KING STREET, MANCHESTER; 
96, CHEAPSIDE, LONDON. 

Branch Offices: 

INDIA BUILDINGS, WATER STREET, LIVERPOOL j 
12, BENNETT'S HILL, BIRMINGHAM) BROAD STREET, BRISTOL) 

ST. VINCENT STREET, GLASGOViT. 



CAPITAL -ONE MILLION STERLING. 



ALFRED LOWE, Esq. 
JOHN NAPIER, Esq. 
ALFRED NEILD, Esq. 
HENRY M. STEINTHAL, Esq. 



WtussUts mti MxtttotB. 

JAMES* CHAD WICK, Esq., Chairfnan. 

THOMAS BARHAM FOSTER, Esq., Deputy Chairman. 

JOHN BARRATT, Esq. 
JOHN CHAPMAN, Esq., M.P. 
CREDLAND WILLIAM FARBRIDGE, Esq. 
WILLIAM H. HOULDSWORTH, Esq. 

WILLIAM MEDCALF, Esq. | JOHN EDWARD WILSON, Esq. 

^olidtors. 

Messrs. SLATER HEELIS & CO., Manchester. 

iSanikets. 

THE MANCHESTER AND LIVERPOOL DISTRICT BANKING COMPANY, 

Manchester and Liverpool. 

THE CITY BANK, London. 



Insnrancei may be effected on property in Foreign Conntrxei, and in some 
of the Colonies, as well as thronghont Great Britain. 

Rent may be Insured by Special Agreement for a term not exceeding One Year. 

No Charge made for New Policies. — ^Losses by Fire occasioned by Lightning, and 
Damage caused by Explosion of Gras, are made good. 

Insurances effected for Seven Years will be charged for Six Years only; or 
if for any number of years more or less than Seven, a reasonable Discoimt will be 
allowed. 

The promptitude with which losses are paid is well known and admitted, it 
being the desire of the Directors to settle them with liberality and despatch. 

JAMES B. NORTHCOTT, Secretary to the Company, Manchester. 
CHARLES R. PILCHER, Secretary in London. 
WILLIAM W. PEARSON, Resident Secretary, Glasgow. 
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THE LIVERPOOL (ft L ONDON (ft GLOBE I NSURANCE COMPANY. 

Tru8t6Mi of Ooxupfusy. 

T. BrOCKLBBANX. Esq., J- HUBBACK, Esq., jTa. TOBW, Esq., LbrtxpooL 

8k CHARLES NICHOLSON. Bart. D.C.L.. Wm. MACNAUGHTAN. Esq.. Wm. Nicol. Esq.. LoodoQ. 

Trustees of Globe Uillion Fund. 
Sir Charles Nicholson. Bart.. D.C.L.. Wm. newmarch. Esq.. F.R.S.. 

WM. NICOL. Esq.. JOHN W. ROBINS. Esq.. Captain HBNRY W. TYLBR. R.B. 

DntSOTOBS. 
Idverpool Board.— Offloe : No. 1, Dale Street. 

Chairman—JOSBPH HUBBACK. Esq. 
Deputy Chairmen— H. B. GiLMOUR. Esq.. and A. Castbllain. Esq. 



Chas. T. Bowring. Esq. 

T. BROCKLEBANK, Esq. 
C. J. Corbally, Esq. 
Alfred Fletcher. Esq. 



H. H. Nicholson. Esq. 
William Paton. Esq. 
Tames Rome, Esq. 
J. A. TOBIN. Esq. 



A. P. Fletcher. Esq. 
W. D. HOLT. Esq. 
H. LITTLEDALB, Esq. 
G. H. LOXDALE, Esq. 
GEO. Melly. Esq. 

Secretary of the Company— J. M. DOVE, Esq. 

Assistant Secretary- Alex. Duncan. Esq. 

Auditors— Peter S. BOULT, Esq., and I. KITCHEN, Esq. 

Medical Referees— J. R. W. VOSB. Esq., M.D., and E. R. BiCKERSTBTH, Eai^ 

Banker »— Bank of Liverpool ; Union Bank of Lonix>n. 

Solicitors— Messrs. laces, Bird, Newton, and Richardson. 

Direotort -Ltrndon Board.— Offieea : Gomhill, and Charing Oroaa. 

Chairman— Sir Charles Nicholson, Bart, D.C.L. 
Deputy Chairman-- W. NiCOL, Eac^ 

W. DENT, Esq. ) HON. S. CARR Glyn. | TAMES MORLBY. Esq. 

HON. EDMD. DRUMMOND. W. MACNAUGHTAN, Esq. I U. D. WHATMAN. Eaq. 

R. W. GAUSSEN. Esq. I ROSS D. MANGLES. Esq. * 

Actuary of the Company and Resident Secretary^AUG. HENDRIKS. Esq. 
Ffare Superintendent— T. SEPTIMUS BlARKS Esq. 
Auditor—H. H. Cannan, Esq. 
Medical Referees— J. R. Bennett, Esq.. M.D. ; A. Andbrson, Esq., F.R.CS. 
Consulting Surgeon— Sir James PAGET. Bart 
Bankers— The LONDON and COUNTY BANK ; Messrs. GLYN, MILLS, CURRIB. & CO. 
Solicitors— Messrs. Palmer. Bull, & Fry. 
Surveyors— E. ^N. CLrt^TON. Esq.. and Wm. THOMPSON. Esq. 

At the Annual Meeting, held Feb. ^jrd, 1876, the Report of the Directors for the year 1875 showed that :~ 
The Fire Premiums were AJ.040,S68 1 Tlie Life Rremiums were... ...............»....».....;^as5.as9 

xne izi'ves«eci ■'*'^^"* — — t t — i-n-nn- niBfti iffHjBlo. 



NORWICH UNION 

FIHE HSrSTJU^lSrCE SOCIEXTT. 

E8TABU8HED 1797. RE-ORQANIZED 1821.' 

DIRKCXORS. 

GEORGE DURRANT, Esq., President, 
H. S. PATTESON, Esq., Vice-Presideni. 



W. C. HOTSON, Esq. 
CHARLES E. TUCK, Esq. 
W. R. CLARKE, Esq. 
Col. JAMES COCKBURN. 
THOS. BEEVOR, Esq. 



HENRY BACK, Esq. 
Capt. F. a. CUBITT. 
S. GURNEY BUXTON, Esq. 

E. C. BAILEY, Esq. 

F. E. WATSON, Esq. 



Secretary.— C. E. BIGNOLD, Esq. 



Head Office— SURREY STREET, NORWICH. 

The Rates of this Society are the same as other Offices, whilst Periodical Returns 
have been made to persons insured by Participating Policies amoimting to ;f492,o55. 

This Office is distinguished by its liberality and promptness in the settlement of 
Claims, ;f 3,207,288 having been paid to Insurers for Losses by Fire. 

In proof of the public confidence in the principles and conduct of this Establish- 
ment, it will suffice to state that the total business amoimts to ;f 125,000,00a 

No charge made for Policies. 
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WESTMINSTER FIRE OFFICE, 

27, KING STREET, COVENT GARDEN, 

LONDON, W.O. 



FOUNDED A.D. 1717. 



Losses Promptly and Liberally Settled. 



The Westminster Fire Office, established in the Reign of King George I., 
is one of the oldest Ofi&ces for Insurance against Damage by Fire now existing ; it 
has carried on an extensive business for One liundred and Kifty-nine Years, and 
during the whole of that period has maintained the highest character for respectability 
and liberality in all its transactions. 

The Agents will attend with promptitude to all applications for advice and 

assistance in the arrangement of Insurances. 

W. M. BROWNE, Secretary, 
October, 1876. 

FIRE AND FIRE INSUR ANCE. 

THE INSURANCE GTGLOFCEDIA: 

A DICriONARV OF TERMS USED IN CONNEXION WlTH THE THEORY 
AND PRACTICE OF INSURANCE IN ALL ITS BRANCHES ; A BIBLIO- 
GRAPHICAL REPERTORY OF ALL WORKS WRITTEN UPON THE 
SUBJECT OF INSURANCE AND ITS ASSOCIATED SCIENCES: AND 
AN HISTORICAL TREASURY OF EVENTS AND CIRCUMSTANCES 
CONNECTED WITH THiL ORIGIN AND PROGRESS OF INSURANCE: 

By CORNELIUS WALFORD, F.I.A., F.S.S., 

Barrister-at-Law. 

/n course of publication in Parts^ price 2s, 6d, eacA, or 4 Parts in Cloth Case, lar. 6d» 

each ; or in Vols, containing 8 Parts ^ price 21s. each. 



The following Subjects in connection with FIRE have ahready appeared, 
treated Chronologically and at great length : — Annihilators, Brigades, 
Eng^es, Escapes, Extinguishment, Inquests, Fireproof Buildings, 
Insurance, Causes of Fires, Great Fires in the World, &c 

NO HISTORY OF FIRE INSURANCE HAYING BEEN WRITTEN, THESE ARTICLES 

ARE OF PECULIAR VALUE AND INTEREST. 



IL.ON'IDON': 

CHARLES & EDWIN LAYTON, FLEET ^-^^^KE^. 
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FIRES 

WOBKS BY CAPTAIN EYBE M. SHAW, 

LONDON FIRE BRIGADE, 

RECORDS OF THE LATE LONDON FIRE 
ENGINE ESTABLISHMENT 



One Vol, Fcap. folio, cloth lettered, price loi; 



London :— EFFINGHAM WILSON, Royal Exchange. 



FIRE SURVEYS; 



OR 



A Summary of the Principles to be observed in Estimating- 

the Risk of Buildings. 



Second Edition, price sx. 



London :— EFFINGHAM WILSON, Royal Exchange. 



FIRES IN THEATRES. 



One Vol., 8vo., sewed, price i^. 



London : — E. and F. N. SPON, 48, Charing Cross. 
New York.-. — 446, Broome Street. 



»^ 
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